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CHEMICAL PHYSICS 
Elements of Chemical Physics. By Josiah P. Cooke, 
Jr., Erving Professor of Chemistry and Mineralogy 
in Harvard University. Fourth Edition. (London: 
Macmillan and Co., 1886.) 

HE preface to this work bears the date Feb. 1, 1860 ; 
T no explanation is given of the issue in 1886 of a 
fourth edition in the form before us. According to the dic- 
tionary, an edition is “the whole number of copies of a 
work published at once.” We are forced to assume that 
such a definition would be accepted as sufficient by Prof. 
Cooke ; but in the case of educational works dealing 
with a branch of science which is daily enriched by new 
discoveries, the reading public are in the habit of sup- 
posing that a wew edition is not a mere reprint of the 
former edition: it is rightly expected that it shall take 
notice of, at all events, the more important of recent dis- 


coveries, and failure to recognise this elementary truth is | 


unpardonable. 
It is a grave injustice to put into the hands of the inno- 
cent student a book dated 1886 which was first issued in 


1860, and without informing him that he is to learn | 


nothing of the classical discoveries in chemical physics 
made during the past quarter of a century ; on advancing 
to do battle in the ranks of science he would be about in 
the position of our old wooden walls in face of modern 
ironclads and torpedo-boats. 

. The work is divided into five chapters, the first ‘(9 pp. 
being introductory. Chapter II. (107 pp.) deals with the 


on the three states of matter; heat is the subject of 
Chapter IV. (235 pp.); and Chapter V. (24 pp.) is on 
weighing and measuring. The volume is intended—ac- 
cording to the 1860 preface—to furnish a full development 
of the principles involved in the processes of weighing 
and measuring small quantities of matter ; subsequent 
volumes were to treat on light in its relations to crystallo- 
graphy ; on electricity in its relations to chemistry ; and 
on stoichiometry and the principles of chemical classifica- 
tion ; but we are not aware of their issue. Unlike most 
text-books, it is a most readable work, containing much 
interesting matter, and is admirably printed ; hence it is 
particularly to be regretted that it presents so imperfect 
and antiquated an account of the subjects treated of. In 
justification of this statement we may point out that the 
latest reference to experiments on the condensation of 
gases is to those of Natterer. Andrews’s great discovery 
of the critical point is nowhere referred to. Regnault’s 
determinations of the specific heat of carbon in its three 
forms are quoted, but not a word is said of Weber’s im- 
portant investigation on this subject; in the section in 
which the methods of determining specific heat are de- 
scribed no reference is made to Bunsen’s beautiful 
method ; and the word dissociation nowhere occurs, the 
classical discoveries of Deville and his school being un- 
mentioned. One inaccuracy requires special mention. 
We are told (p. 428) that, “According to the modern 
theory of chemistry, equal volumes of all substances in 
the state of gas contain precisely the same number of 
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| molecules, or, what amounts to the same thing, the mole- 


cules of all bodies in the state of gas occupy exactly 
egual volumes.” The latter part of the sentence, 
which have italicised, is obviously unmitigated 
nonsense, yet it is a statement which perpetually 
haunts us. A well-known standard text-book of che- 
mistry from which probably a very large proportion 
of our youth gain inspiration in fact tells us almost 
in the same words that “the relation existing between 
the volumes of gases when they combine together has 
been found to be a very simple one, inasmuch as the 
densities of all elements known in the gaseous state are 
identical with their atomic weights ; or, what ts the same 
thing, the atoms in the gaseous state all occupy the same 
space (Gay Lussac, Avogadro).” Could anything be more 
misleading and inaccurate, since mercury, phosphorus, 
sulphur and iodine are ail known “in the gaseous 
state”? It cannot be too clearly stated that the chemist 
only concerns himself with the re/ative weights of atoms 
and molecules, and that Avogadro’s law only has refer- 
ence to the relative numbers of molecules in equal 
volumes of gases, their size being altogether left out of 


we 


| account: no notice being taken, in fact, of the space 


which the stuff itself occupies. Our notions on the sub- 
ject of the size of molecules and atoms are of the very 
vaguest at present, and even Sir William Thomson has 


| not ventured, we believe, to consider the differences in 
| . “7e . 
| size of molecules of different kinds: for the most part 


they certainly cannot be of the same size. The popular 
method of teaching the volumetric relations between 
gases is probably the cause of the error now referred to 
being steadily perpetuated. The ordinary student more 


| often than not will insist—very naturally—in regarding 
general properties of matter; Chapter III. (309 pp.) is ! 


the term volume as representing a specific quantity : being 
taught, moreover, to consider the symbol of a compound 
gas as equivalent to “two volumes,” he extends the idea of 
volume to the elementary symbols and naturally enough 
concludes that if /2, for example, represent ¢wo volumes, 
Z must represent ove volume; hence it is difficult to 
make him realise that a change such as is represented by 
the equation /,=/-+/ involves a doubling of the 
volume. Again, the common practice of speaking of 
compound gases as containing certain volumes of the 
constituent gases is both misleading and inaccurate : for 
example, it is found that the gaseous density of phos- 
phorus is such that its molecular composition is expressed 
by the formula /,: this represents “two volumes,” and 
so the symbol P is said to represent “half a volume,” 
and we are then gravely told that “two volumes” of 
phosphuretted hydrogen consists of or contains “three 
volumes” of hydrogen and “half a volume” of phos- 
phorus. Some teachers engrave the error still more 
deeply upon the student’s mind by performing before him 
a kind of Jack-in-the-box trick, picking out from a box 
on which the symbol of the compound is painted a series 
of boxes which in number and size are supposed to repre- 
sent the volume of the elements contained in the com- 
pound. All that we really know is that a given bulk of a 
particular gas will decompose into, or can be formed 
from, certain bulks of the constituent elements: that 
phosphuretted hydrogen, to take the example cited, on 
decomposition yields one and a half times its bulk 
of hydrogen and half its bulk of phosphorus gas. The 
T 
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only method by which we could endeavour to form 
any estimate of the relative volume occupied in a com- 
pound by the constituent atoms would be by taking the 
volume of the atomic 
the but this 


is never done. It would be a great advantage if we were 


molecular the compound and 


volumes of constituents into account ; 
to cease using the term voe/wme when speaking of gases, 
and were to treat all questions concerning changes in 
volume from a dynamical point of view: Avogadro’s law 
tells us, in fact, that, in every change in which gases are 
concerned, the variation in the space required to contain 
pressure and temperature remaining constant 

the variation in the 
If the equation be written which 


the gases 

will be directly as number of 
gaseous molecules. 
expresses the change, care being taken to employ the 
symbols which represent the molecular composition of 
the gaseous substances concerned in it, it is merely neces- 
sary to add up the number of molecules of the gaseous 
substances appearing on either side: the two sums will 
give the ratio of the volumes before and after change. 
By our present practice thoroughly false conceptions are 
engendered : a fundamental principle of our science is 
most unscientifically taught: and yet when we come to 
examine we marvel at the stupidity displayed by the 
examinee when dealing with simple questions of volume 
change ! 

It will be in place here to inquire—What is chemical 
pAysics? To judge from the books on the subject, we 
are probably justified in defining it as a milk-and-watery 
kind of physics specially prepared to suit the weak diges- 
tion and smail appetite of the embryonic chemist ; as a 
spineless kind of physics—physics without the solid back- 
bone of mathematics. It is high time that it were recog- 
nised that he who wishes to be a chemist, and not the 
mechanical automaton who too frequently in this country 
goes by the name, must study physics seriously and 
properly : It is 
now incontestable that the sciences of chemistry and 


a mere smattering is of very little use. 
physics are inseparable: indeed the whole system of 
modern chemical theory reposes on a purely physical 
basis—that of Avogadro’s law; and of late years the 
opinion has undoubtedly gained ground that the study of 
the physical attributes of pure elements and compounds 
must be carried on systematically and at the same time 
that their strictly chemical attributes are investigated, if 
we are ever to penetrate the veil of mystery which at 
present enshrouds the simplest chemical * phenomena. 
Much work has already been done, and it is greatly to 
the credit of chemists that it has nearly all been executed 
by chémists who have been at the pains to study physical 
methods. Physicists have contributed comparatively 
little to the advancement of chemical physics, and it is 
undeniable that not a few investigations of importance 
to chemistry executed by physicists with the precision in 
measurement which characterises modern fhysical in- 
quiry, are to a large extent labour spent in vain, as no 
guarantee has been given of the purity of the materials 
employed. Parenthetically it may be added that the 
physics as well as the chemistry of Jwre substances are 
the study of pure 
materials and it 
say that when the results are recorded they will differ 
particulars those now 


fields of inquiry all but untrodden: 


is “he work of the future ; is safe to 


in many and important from 


accepted. It is perhaps not undesirable to point out 1 
a true conception of the meaning of the word pur 
not always appear to be present in the mind of 
chemist or physicist, otherwise the expression “che 
cally pure” would not so frequently occur. What 
meant thereby, we presume, is that the substance 
nearly pure that the amount of impurity present does ; 
perceptibly affect the results of quantitative analysis : 
the amount of impurity present in a substance in s 
case may exercise a most important influence o1 
chemical behaviour, and may also materially n 
some of its physical properties. 
ing degrees of impurity, we continue to make this 


If, instead of disting 


what improper use of the word pure, it will be desi: 
also to speak of substances as being “ spectroscopic: 
pure,” “ electrically pure,” &c., to indicate the nature 
the test which they will pass. 

To conclude, a book worthy to be called a treatis: 
chemical phys ics has yet to be written. It should con- 
tain a sufficiently detailed account of exact methods of 
determining the various physical attributes and the trust- 
worthy results thus far recorded, together with a discus- 
sion of the bearing of these results on the problems of 
chemistry. It could hardly be the work of a single ind 
vidual, but would doubtless require the co-operation 
chemist and physicist. No mere compilation will suftic« 
to be of value it must be subject to the control of 
chemist who is master of his science. Such a 
would of necessity be of enormous service to stude 
and it would exercise an important influence on 


progress of our science. HENRY E. ARMSTRON 





OUR BOOK SHELF 


Madagaskar, und die Inseln Seychellen, Aldabra, Ki 


ren, und Maskarenen. By Prof. Dr. R. Hartmann 


(Leipzig and Prague, 1886). 


THIS little work forms the fifty-seventh volume of “ Das 
Wissen der Gegenwart,” a scientific series which 
already done so much for the spread of useful 
accurate information amongst the Germanic populati 
The author, himself personally acquainted with som 
the localities here described, gives as clear and compre- 
hensive an account of the various insular groups in the 
Indian Ocean as was possible within the available space 
of 150 pages. Of this space over two-thirds are devoted 
to Madagascar, whose physical constitution, natural 
history, ethnology, and political relations are treated 
with great ability. The best authorities, such as Gran 
didier, Shaw, Richardson, Sibree, and Hildebrandt, have 
been carefully consulted, and room has even been founc 
for the discussion of such controversial questions as tht 
existence of Sclater’s vanished Lemuria, the origin of the 
Malagasy people, the affinities of their language, th 
presence in the island of the Vazimba and other abori- 
ginal non-Malayan and Negrito tribes. Dr. Hartmann !s 
inclined to accept the statements made by Commerson 
and Modave regarding the woolly-haired and dwarfsh 
Kimo people of the southern districts, and suggests 
possible affinities either with the South African Bushme 
or the Andamanese and Aeta Negritos of the Philippine 
Islands. The Malagasy he regards as essentially 
mixed race, Polynesian, Malay, and African (espe 
Galla and Somali) elements being found diversely int 
mingled amongst the Hovas, Sakalavas, Betsimisa 
and other native communities. The Comoros, Seych« 
and Mascarenhas (Mauritius, Réunion, and Rodriguez 
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archipel: ugoes are treated with equal thoroughness, and the 
work is provide ed with a map of the Indian Ocean, an 
index, and numerous well-executed woodcuts. 


LETTERS TO THE EDITOR 


‘The Editor does not hold himself responsible for opinions 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond.with the writers of, rejected manu- 
ripts. No notice is taken of anonymous communications. 
Editor urgently vege - correspondents to keep their letters 
short as poss The pressure on his space ts so great 
that it ts impos otherwise to insure the appearance even 
of communications containing interesting novel facts.] 


Xe 


{ The 


Physiological Selection and the Origin of Species 

(Zoology, No. 115, 
**T cannot find that 
principle which it is the 
and wl 


Linnean Society 
Mr. Romanes says : 
alluded to the | 
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The author then l 

<ind of sterility increased by natural s 

liscussion with which Lam not now concerned. I have otl 
ence to show that my father was familiar with the princi 
1ysiological selection, and, more lid not reg 

it with any great favour. 

In Mr. Belt’s ‘* Naturalist in Ni 
made, identical with that of 
Fournal, Mr. Belt says {p. 207) 
in seldom be separat df rom the | 
eties until they vary also in th 
\s long as interbreed 
went form, it does not seem possible that a new spe 
: formed by natural selection, excepting in cases of g 
solation, All the individuals might vary in some 
ey could not split up into distinct species whilst 
the same area anc interbred without difficulty. 
in become permanent, it must either be separated from the 
thers have acquired some idndlantinn or inability to 
interbreed with them. As long as they interbreed together, 
the possible divergence ‘kept within narrow limits 
ut whenever a variety produced the individuals of 
which have a partiality for interbreeding, and some amount 
f sterility when crossed with another form, the that bound 
t to the central stock is loosened, and the foundation is laid for 
the formation of a new species. Further divergence would b 
inchecked, or only slightly checked, and the elements of repro- 
luction having begun vary, would probably continue to 
liverge from the parent form, for Darwin has shown that any 
gan in which a species has begun to vary is liable to further 
change in the same direction. Thus one of the best tests of the 
specific difference of two allied forms living together is their 
sterility when crossed, and nearly allied species separated by 
geographical barriers are more likely to interbreed than those 

inhabiting the same area.”’ 

In my copy of Belt’s book the words ‘‘ No, No,” are pencilled 

in my father’s handwriting on the margin, opposite the sentence 
‘All the individuals might vary in some one direction, but they 

could not split up into distinct species whilst they occupied the 

same area and interbred without difficulty.’ 
Cambridge, August 27 
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On the other hand, if natural selection cannot thus operate, all 
we have to say is that there still remain many other causes ade- 
quate to explain the occurrence of physiological selection—to 
wit, those causes which concerned in the occurrence of 
variation in general. 

The essay by Prof. Weismann on the influence of isolation, to 
which Mr. Meldola refers, is so replete with facts and arguments 
unconsciously bearing on my theory, that in writing my pre- 
liminary paper it appeared advisable to reserve so rich a mine 
for subsequent working out in detail. In my paper, therefore, I 
have merely alluded to Prof. Weismann as one among the com- 
paratively few evolutionists who have hitherto sufficiently con- 
sidered the influence of independent variation (or the prevention 
of intercrossing) in the evolution of species. 

It only remains to consider Mr. Meldola’s extremely able 
criticism of my view that natural selection ought not in strictness 
to be regar de lasa theory of the origin of species, but rather as 
a theory of the development of adaptive modifications. |My 
argument is that natural selection can only be a theory of the 
origin of species in so far as species differ from one another in 
points of utilitarian significance ; and that even then it is only a 
theory of the origin of species, as it were, incidentally: the 
raison d’étre of natural selection is in all cases that of evolving 
adaptations (whether these be characteristic of species only, or 
likewise of higher taxonomic divisions) ; and if in sone cases 
the result of performing this function is that of raising a variety 
into a species, such a result is merely collateral, or, in a sense, 
accidental. No doubt if species always and only differed from 
another in points of utilitarian character, the collateral 
nature of the result might be arded, and the theory would 
become a theory of the origin of species in virtue of its being a 
theory of the development of adaptations. But, as a matter of 
fact, species are very far from being always and only distinguished 
from one an ther in points of utilitarian character, and in so far 
as they are not thus distinguished natural 
in no sense a theory of the origin of species, Again, and more 
particularly, the one feature which more than any other serves 
to distinguish species from species is that of mutual sterility, and 
it would be a bold flight of speculation to affirm that this has 
been in all cases the result of natural selection, when even Mr. 
Darwin was reluctantly compelled to conclude that such could 
not be the result of natural selection in any case. On the other 
hand, my theory of physiological selection explains this very 
general feature of specific distinctign quite independently of 
natural selection ; and then goes on to show that, when once 
this primary distinction has arisen, many others of a secondary 
kind will ensue, both with and without the assistance of natural 
selection. 

Now, the objection which Mr. Meldola adduces against this 
argument is that I t:ave not proved physiological selection to be 
independent of natural selection. In other words, he does not 
dispute the probable truth of my theory; but he says that, 
“ranting its truth, it is still only “ one particular phase of natural 
election.” But surely the burden of proof here lies on the side 
of my critic. If he can any sufficient reason for going 
much further than i have ventured to go in out-Darwining 
Darwin—or for holding that natural selection may not merely 
help in inducing sterility in some cases, but has been the 
cause of it in all cases—then I should welcome his proof as show- 
ing that the principles of physiologic: il selection ultimately and 
in all cases rest on those of natural selection. But, clearly, it is 
for him to prove his positive : not for me to prove what I regard 
as an almost preposterous negative. 

So much for the main criticism, But he adds this rider, 
namely, that, as the struggle for existence is always most 
between the most closely related forms, unless the new or 
sexually protected form arising under physiological selection 
possesses some distinct advantage over the old or parent form, 
it will be ne by the latter quite as effectually as it 
would. be by intercrossing in the absence of physiological selec- 
tion. To this I may answer in the words of my full paper :— 
** So long as there is no actual detriment arising to the variety 
on account of its being sexually separated from the parent, any 
deas derived from the theory of natural selection are plainly 
without bearing upon the subject” (p. 406). In other words, so 
long as in all other respects of organisation the sexually sepa- 
rated variation is not less ‘‘ fit” than its parent stock, so long 
ihere is no reason to anticipate any disadvantage in the struggle 
for existence. And forasmuch as the sexual separation arises 
only by way of a variation locally affecting the reproductive 

ystem, when the variation is first sexually separated, it will in 


are 


one 
disreg 


selection is obviously 


show 


sole 


severe 


all other respects resemble its parent stock, and so be able to 
compete with it on equal terms—mere numerical inferiority 
being without significance where intercrossing is prevented. [t 
was in order to convey this meaning that I preposed as ar 
alternative name of my theory, ‘‘ Segregation of the Fit” ; seeing 
that before any physiological segregation can take place ther 
must be organisms to be segregated, and that unless thes 
organisms had already prover d themselves fitted to survive in the 
struggle for existence, in existence they could not be. But I do 
not call physiological selection ‘‘ Segregation of the Fittest,” 
because, unlike natural selection, it is in no way concerned with 
the principle of conflict. So long as the organisms which hay: 
been separated by physiological selection are sufficiently fit t: 
have previously passed muster at the hands of natural selection, 
there is no reason why the daughter type should be fi:ter than 
the parent. 

But, so far as I can see, the only material point of differenc: 
between Mr. Meldola and myself consists in his regarding 
physiological selection as ‘*subordinate’”’ to natural selection, 
while I consider the two as quite independent principles, 
although, as explained in my paper, I believe that they fr 
quently and in several ways play into each other’s hands. 

GEORGE J. ROMANES 
..B., August 30 


Geanies, Ross-shire, N 


Earth-Currents and Aurora 


THERE appears to have been a very remarkable and wide- 
spread earth- current storm on March 30 last, full particulars of 
which it would be extremely useful to have on record. My 
attention has been drawn to this storm through witnessing, on 
the evening of that day, one of the most vivid and interesting 
displays of the aurora that I have ever seen. Mr. G. H. Kinahan, 
writing in NATURE for April 8 (p. 537), describes the same 
aurora as observed by him in Donegal ‘between 8 and 9 p.m., 
and notes its peculiar bright silvery type. It must, however, have 
been a far less imposing display at Donegal, w here the weather 
was less favourable, than at Kingstown, where I saw it between 
g and 10 p.m., the most brilliant display occurring between 9. 30 
and 9.45 p.m. From the northerly horizon there rolled up 
the zenith in quick succession streams and masses of white light, 
until the whole face of the sky to the north and west was illu 
minated with swiftly mounting flames of silvery whiteness and 
wonderful beauty. A correspondent in NATURE for April 15 
(p. 559) describes the same aurora witnessed by him between 8 
and If p.m. on March 30, at Konigsberg, in Prussia. 

According to the Zvectrician (April 2, p. 404), on the mor 
ing of March 30a violent earth-current storm occurred in London 
stopping all telegraphic work for some time. During the sam« 
day strong earth-currents are reported on the Mediterranean 
cables, and in the afternoon of that day (March 30) this terrestrial 
electric storm had reached India, lasting from 2 to 5 p.m., and 
stopping work on the Bombay and Madras line. At the same 
time powerful earth-currents are reported on the Madras and 
Penang cable, causing work over it to be stopped from 3 till 
7 p.m. on March 30. Similar disturbances are reported on the : 
Java cable, beginning the same afternoon, and becoming faint: 
on all lines at 10 p.m. Recently an account has been pub lished 
of a great earth-current storm on the China and Japan cable on 
March 30, and a diagram of the perturbations produced « 
that line is given in the LZéectrician for August 6. The ston 
began between 4 and § p.m., Shanghai time, on March 30, and 
lasted till 11 p.m. that day, the maximum strength of the eart! 
current on the cable occurring between 6 and 7 p.m. beir 
then equal to 3°6 milliamperes. Smaller renewals of t! 
storm took place both in Europe and Asia on the morning 
March 31. 

Perhaps some of the readers of NATURE can give furt! 
details of this extensive storm, and it would also be useful to 
have on record the magnetic perturbations noticed on th 
occasion in different localities, and the time of their occu 
rence. W. F. BARRET! 

Royal College of Science, Dublin 


Chlamydomyxa in the Engadine 
Your readers will be interested to hear that I have found her 
in Pontresina the very interesting Protozoon described twelve 
years ago, in the Quarterly Fournal of Microscopical Science, vy 
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Mr. Archer, of Dublin, under the name Chla amydomyxa. Mr. 
Archer obtained his specimens crawling upon, and into, the tissues 
of the bog-moss (Sphagnum) in moor- pools i in W estmeath (so far as 
I recollect). He often found it in a spherical condition, encysted 
in a cellulose envelope, and more rarely expanding into a most 
curious network of fine protoplasmic threads, upon which were 
observed very numerous oblong corpuscles, which slowly tra- 
yelled along the threads, thus recalling the structure of Laby- 
rinthula described by Cienkowski. 

No one has found Archer’s Chlamydomyxa, or been in a 
position to confirm independently his description, up to the 
present date. He has kindly sent to me encysted specimens of 
the Chlamydomyxa, but these would not leave their cysts and 
exhibit the characteristic network and corpuscles ; and others 
whom he has wished to oblige by a sight of this interesting 
organism have also, I believe, failed to obtain the characteristic 
phase. 

[ have from time to time searched for Chlamydomyxa when I 
have been in a moorland region and had my microscope with 
me, but have hitherto failed to find it. It was not, therefore, 
with any great amount of confidence that I gathered some 
brownish tufts of Sphagnum from a small ditch (with slowly- 
running water) in a clearing in the pine-wood behind the tennis- 
court at Pontresina, and brought them to the hotel to search them 
for Chlamydomyxa. But I found a number of yellowish spheres 
about 1/150 inch, and less in diameter, which excited my sus- 
picions. After a brief delay these began to throw out proto- 
plasmic filaments, and soon around each was a wonderful series 
of branching stems of protoplasmic threads, reaching far away 
from the central yellow granular body and in the most varied 
directions. Along the threads minute oval corpuscles slowly 
streamed. There is no doubt that this organism belongs to 
Archer’s genus Chlamydomyxa, and probably enough is speci- 
fically distinct from that which he found in Ireland, It is ex- 
tremely abundant in the Swiss locality. 

From what I have seen of Cblamydomyxa, I am now inclined 
toadmit that it is /ess closely related to Cienkowski’s Laby- 
rinthula than I had previously supposed. The moving cor- 
puscles of Cienkowski’s organism are very much larger bodies 
than are the ovoid corpuscles of Chlamy a xa. 

Pontresina, August 23 . RAY LANKESTER 





THE BRITISH ASSOCIATION 


“HE fifty-sixth annual meeting of the British Associa- 
tion was opened in Birmingham last night, when 
Lord Rayleigh resigned the Presidential chair to Sir 
William Dawson, Principal of McGill College, Montreal. 
Theattendance at the fourth Birmingham meeting promises 
to be much above the average, and so far as the Birmingham 
people are concerned everything has been done to secure 
success. Al] the new public buildings, including Mason 
College and the fine new Art Gallery, have been placed 
at the disposal of the Sections. The reception-rooms, 
reading-rooms, writing-rooms, and other general rooms, 
not omitting the smoking-room, are all that could be 
desired. All the leading clubs of the town have been 
thrown open to members ; facilities have been given for 
visiting the various manufactories in the town and 
neighbourhood ; the industrial exhibition in Bingley 
Hall has been admirably arranged; while there is a 
formidable programme of social entértainments and 
excursions. Among the foreign visitors expected, one 
of the most distinguished is Prof. Haeckel. There is a 
very large representation, moreover, of colonial science. 
The Local Committee have prepared a very excellent 
Hand-Book of Birmingham for the use of the visitors, 
the various sections of which are written by specialists. 
After a General Introduction by Mr. G. J. Johnson, 
Part 1 deals with Old Birmingham, by Mr. S. Timmins. 
The various aspects of Modern Birmingham are treated 
of by different writers. The section on Art is by 
specialists, and the Manufacturing Industries are de- 
scribed by Mr. C. J. Woodward. Part 3 is devoted 
to Geology and Physiography, and is edited by Prof. 
.. Lapworth, who has been assisted in the various 
sections by several local geologists. Part 4, dealing with 


| trained to work in the fairy chains of art 


| the air, 
} comes the students of nature to gather round the stan 
| they carried so far into the fie ds of knowledge. 
| other occasions we meet in quiet colleges and academic halls, 
| how gladly welc me is the union of fresh discoveries and new 


| future, 


| his Aberdeen address, in favour 


| of local scientific 


four | 


Zoology, is edited by Mr. W. R. Hughes, F.L.S., who 
also has had the assistance of various local specialists ; 
so with the Botany, edited by Mr. W. Mathews. The ap- 
pendix comprises a variety of curious and useful informa- 
tion, while a pocket contains a useful sketch-map of the 
Geology of the Birmingham district, by Prof. Lapworth. 
It will thus be seen that the Hand-B 0k, while well 
adapted for its special purpose, is likely to be of 
permanent value. 


INAUGURAL ADDRESS BY SiR J. WILLIAM Dawson, C.M.G., 
M.A., LL.D., F.R.S., F.G.S., PRINCIPAL AND VICE- 
CHANCELLOR OF McGILL UNIVERSITY, MONTREAL, 
CANADA, PRESIDEN1 


TWENTY-ONE years have passed away since the last meeting 


| of the British Association in this great central city of Evglan 


At the third Birmingham meeting—that of 1865—I had the 
pleasure of being present, and had the honour of being one of 
the Vice-Presidents of Section C. At that meeting my friend 
John Phillips, one of the founders of the Association, occupied 
the Presidential chair, and I cannot better introduce what I have 
to say this evening than by the eloquent which he 
then addressed you :—‘‘ As-embled for the third time in this busy 
centre of industrious England, amid the roar of engines anit 
clang of hammers, where the strongest powers of nature are 
. how softly and fittingly 
falls upon the ear the accent of Science, the friend of that art, 
and the guide of that industry! Here where Priestley analysed 
and Watt obtained mastery over steam, it well be 
lard whic! 
And when or 


words in 


the 


inventions with the solid and venerable truths which are there 
treasured and taught. Long may such union last; the fair 
alliance of cultivated thought and practical skill ; for by it labour 
is dignified and science fertilised, and the condition of human 
society exalted.” ‘These were the words of a man who, while 
earnest in the pursuit of science, was fu broad and kindly 
sympathy for his fellow-men, and of hopeful confidence in the 
We have but to turn to the twenty Reports of thi, 
Association, issued since 1865, to see the realisation of that 
union of science and art to which he so confidently looked for- 
ward, and to appreciat e the stupendous results which it ha 
achieved. In one department alone—that to which my prede- 
cessor in this chair so eloquently adverted in Aber leen, the 
department of education in science—} 


ll of 


how much has been accom 
plished since 1865. Phillips himself lived to see a great revolu- 
tion in this respect at Oxford. But no one in 1865 could have 
anticipated that immense development of local schools of science 
of which your own Mason College and your admirable technical, 
industrial, and art schools are eminent examples. Based on the 
general education given by the new system of Board-schools, 
with which the name of the late W. E. Forster will ever be 
honourably connected, and extending its influence upward to 
special training and to the highest Univers ity examinations, this 
new scientific culture is opening paths of honourable ambition to 
the men and women of England scarcely dreamed of in 1865. 
I sympathise with the earnest appeal of Sir Lyon Playfair, in 
of scientific education; but, 
visiting England at rare intervals, I am naturally more impressed 
with the progress that has been made than with the vexatious 
delays which have occurred, and am perhaps better able to 
appreciate the vast strides that have been taken in the direction 
of that complete and all-pervading culture in science which he has 


| so ably advocated. 


No one could have anticipated twenty years ago that a Bir- 
mingham manufacturer, in whose youthful days there were no 
schools of science for the people, was about to endow a College, 
not only worthy of this great city, but one of its brightest orna- 
ments.! Nor could any one have foreseen the great development 
Societies, like your Midland Institute and 
Philosophical Society, which are now flourishing in every large 
town and in many of those of less magnitude. The period of 
twenty-one years that has elapsed since the last oA are Pl 
meeting has also been an era of public museums and labora- 
tories for the teaching of science , from the magnificent national 

’ It was in 1865 that Sir Josiah Mason 
public note, beginninz to lay the foun jation 


was, quietly and without any 
of his orphanage at Erdington 
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institutions at uth Kensington and those of the great Uni- | Imperial federation.! There has even been a project before 
versities and th ‘olleze »wn to those of the sch s and field for an International Scientific Convention, in which the gr 
lubs in country is. It has besides beer era of giganti English Republic of America shall take part—a project tl 
progress in original work and in publication—a prog so rapi realisation of which was to some extent anticipated in the fusion 
hat worker : nch of study have ‘eluctantly | of the members of the British and American Associations 
bliged to narrow in m | more their e of reading and | Montreal and P hiladelphia in 7 As a Canadian, as a | ; 
of effort to keep sast of the a ice in thei al depart Pres le nt of the American Association, and now re pgpecn Wi t 
nty-one years have teri the Presidency of this Association, I may be he Id to repres t 
of that great system of philosophy with | in my own person this scientific union of t he Briti ) Island I 
Englishmen—Darwin, Spencer, and _ the various Colonies, and of the great Republic, aid wl 
Wallace—are as i " us f{ vers. Whatever o n >the difficulties attending it ( il acc »mplishment at ] § 
one may entertain ¢ the sufficiency and finality of this phi ‘nt, is certain to lead to an actual and real union for scient 
phy, there can be jue to its influence on scientific . In furtherance of thi im glad t se here to-day i 
thought. On the one h t is inaccurate com] i luential representatives of most of the British Colonies ; 


oentirely dif nt tl the discovery « he chemical el India, and of the United State Je vase ne here also 
ments and of t of gravitation ; on the ot! scarcely tes from other countries, and though the barrier lang 
] : ] at pre sent prevent a , i 
Britain, America 

le interest 

> the most gen ral 
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ications. 





t, while science marches on from victory ictory, its | 
1 by the resting-places of those who have fought 
ssured its advance. n looking back to 1865 1 
fore me the once familiar count 2S hillips, M P 
Lyell, Forbes, Jeffreys, Jukes, Kolleston "Miller, Sp \ 
Fairbairn, Gassiot, Carpenter, ; 2 host of oth 
in full vigour at that meeting, but no more with 
were veterans of science ; ; ! many then you ; 
ing in fame are also numbered with thedead. It may r 
ha ‘fore another Birmingham meeting many of us, the o . 
members now, will also have sed away) ut these men h le 
left behind them ineffaceable iments of their work, in wh 
till survive, and we rejoice to believe that, though dea | 3 
live in that company of the great and good of all 
‘ ive entere tl ins iverse where all that re 
‘sence of th h while bur is not nsumed ; ‘ igh and holy and autiful ust go on accumulating till t ™ 
tery which neither rvatlo riment, nor induction | tim e restitution of all things. et us follow their exam] 
can ever fully ‘ | carry on their work, as God 7 give us power and opp h 
a recent add i u gathering in precious stor¢ knowledge and of thou; 
of th in the belief that all truth is immortal, and must go on for ev : 
urt of e vast | bestowing blessings on mankind. Thus will the memory of Ss 
F nces of phy ighty dead remain to us as a power which, : 
iemistry, biology, t 
most importa ’ I eaco ns from the a 1 1e eternal are.’ f 
mon and familiar thin the railwa ig , it 
telegraph, electric lighting, the telephone, the germ I do not wish, however, t ccupy your titne longer wit 7 
disease, the use ani ) he processes of metal general or personal matters, but rather to take the opportunit th 
, and the dyeing of Db . é since the last meeting ifforded by this address to invite your attention to some toy I lar 
in this city much this gr work has been done, and has Ie of scientific interest. In attempting to do this, I must ha th 
general res the most marvellous kind. What at that | before me the warning conveyed by Prof. Huxley, in th th 
time could have appeared more chimerical than the opening up, | address to which I have already — that in our , 
by the enterprise of one British colony, of a shorter road to the | science, like Tarpeia, may be crushed with the wei of na 
East by way of the extreme West, realising what was happily | rewards bestowed on her. In other words, it is impossibl the 
called by Milton and Cheadle ‘* the new North-West Passage,” | any man to keep pace with the progress of more than one limi th 
making ‘Jay an the next neighbour ‘anada on the west, and | branch of science, and it is e vuall ly impossible to find an audienc in 
offering to Britain a new way to h fastern possessions ; o1 of scientific men of whom anyt hing more than a mere fraction 
than the possibility of this Association holding a successful | can be expected to take an interest in any one subject. Ther in 
meeting on the other e of the Atlantic? We have now an | is, however, some consolation in the knowledge that a speak 
invitation to meet in Australia, and may, if we please, pro- | who is sufficiently simple for those who are advanced specialist f 
ceed thither by the Canadian Pacific Railway and its new ; in other departments, will of necessity be also sufficiently simp! (1 
lines of steamers, returning by the Suez Canal.' To-day this |} to be understood by the general public who are specialists in WI 
is quite as feasible as the Canadian visit would have been in | nothing. On this principle a geologist of the old school, 3) 
1865. It is science that has thus brought the once widely | accustomed to a great variety of work, may hope so to scaite f 
separated parts of the world nearer to each other, and is break- | his fire as to reach the greater part of the audience. In et fut 
ing down those geographical barriers which have separated the | deavouring to secure this end, I have sought inspiration fron 7] 
different portions of our widely extended British race. Its work | that ocean which connects rather than separates Britain and not 
in this is not yet complete. Its goal to-day is its starting-point | America, and may almost be said to be an English sea—th wit 
to-morrow. It is as far as at any previous time from seeing the — Atlantic. The geological —— of this depression of cer 
limit of its conquests, and every victory gained is but the open- | the earth’s crust, and its relation to the continental masses isp 
ing of the way for a further advance. whi ch limit it, may furnish a theme at once generally intelligi! l ici 
By its visit to Canada the British Association has asserted its | and connected with great questions as to the structure and It j 
imperial character, and has consolidated the scientific interests | history of the earth, which have excited the attention alike o! “ 
of Her Majesty’s dominions, in advance of that great gathering | physicists, geologists, biologists, geographers, and ethnologist ra 
of the industrial products of all parts of the Empire now on ex- | Should I, in treating of these questions, appear to be some »what a 
hibition in Loudon, and in advance of any political plans of abrupt and dogmatic, and to indicate rather than state the 
{ M 


[t is expected that, on the completion of the whole of the connections ™ I should note here, in connection with this, the valuable volume 
t I Railway, the time from ocean to ocean may be | ‘‘ Canadian Eccnomics,” edited by Mr. D. A. P. Watt, which was one 
nd from Lor to Hong Kong to 27 days the results of the Montreal meeting. 
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evidence of the general views announced, I trust you will kindly 
attribute this to the exigencies of a short add 

If we imagine an observer contemplating the 
convenient distance in space, and scrutinising its features as it 
rolls before him, we may suppose him to be k with the fact 
that eleven-sixteenths of its surface are covered with water, and 
that the land is so unequally distributed that from one 
point of view he would see a hemisphere almost exclu- 
sively oceanic, while nearly the whole of dry land is 
gathered in the opposite hemisphere. He might observe that 
the great oceanic area of the Pacific and Antarctic 


from a 


Oceans 1s 
dotted with islands—like a shallow pool with stones rising 

its surface—as if its general depth were small in 

with its area. He might also notice that a m 
surrounds each Pole, and that the nerthern ring sends off t 
southward three vast tongues of land and of mountain-chains, 
terminating respectively in South America, South Africa, and 
Australia, towards which feebler and insular processes are given 
off by the Antarctic continental This, a geo- 
graphers have observed,! gives a rudely three-ribbed aspect to 
the earth, though two of the three ribs are crowded t wether anc 
form the Europ-asian mass, or double continent, while the thir 
is isolated in the single continent of America. He might also 
observe that the northern girdle is cut across, so that the 
Atlantic opens by a wide space into the Arctic Sea, while the 
Pacific is contracted towards the north, but confluent with the 
Antarctic Ocean. ‘The Atlantic is relatively deeper and 
less cumbered with islands than the - Pacific, whicl 

higher ridges near its shores, constituting what some vi 

the Pacific coast of America have not inaptly called the ‘* back 
of the world,” while the wider slopes face the narrower ocean, 
into which for this reason the greater part of the drainag: the 
land is poured.* The Pacific and Atlantic, though both depres- 
sions or flattenings of the earth, are, as we shall find, different 
inage, character, and conditions ; and the Atlantic, 
smaller, is the older, and, from the geological point « 
some respects the more important of the two. 

If our imaginary observer had the means of knowing anything 
of the rock-formations of the continents, he would 
those bounding the North Atlantic are in general of great age, 
some belonging to the Laurentian system. On the other hand, 
he would see that many of the mountain-ranges along the Pacific 
we comparatively new, and that modern igneous action occurs 
in connection with them. Thus he might be led to believe that 
the Atlantic, though comparatively narrow, is an older feature 
of the earth’s surface, while the Pacific belongs to more modern 
times. But he would note in connection with this that the 
eldest rocks of the great continental masses are mostly toward 
their northern ends, and that the borders of the northern ring of 
land and certain ridges extending southwards from it constitute 
the most ancient and permanent elevations of the earth’s crust, 
though now greatly surpassed by mountains of more recent age 
nearer the equator. Before leaving this general survey we may 
make one further remark. An observer looking at the earth 
from without would notice that the margins of the Atlantic and 
the main lines of direction of its mountain-chains are north-east 
and south-west, and north-west and south-east, as if some early 
causes had determined the occurrence of elevations along great 
circles of the earth’s surface tangent to the polar circles. 

We are invited by the preceding general glance at the surface 
f the earth to ask certain questions respecting the Atlantic :— 
(1) What has at first determined its position and form? (2) 
What changes has it experienced in the lapse of geological time ? 
3) What relations have these changes borne to the development 
of life on the land and in the water? (4) What is its probable 
future ? 

Before attempting to answer these questions, which I shall 
not take up formally in succession, but rather in connection 
with each other, it is necessary to state as briefly as possible 
certain general conclusions respecting the interior of the earth. It 
's popularly supposed that we know nothing of this beyond a super- 
hcial crust perhaps averaging 50,000 to 100,000 feet in thickness. 
It is true we have no means of exploration in the earth’s interior, 
but the conjoined labours of physicists and geologists have now 
proceeded sufficiently far to throw much inferential light on the 
subject, and to enable us to make some general affirmations with 
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* Dana, ‘* Manual of Geology,” introductory part. 
Molten Globe,’’ has summed up these facts. 

* Mr. Mellard Reade, in two Presidential addresses bef 
Society of Liverpool, has well illustrated this point and 
sequence. 
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may also be carried to the surface by the agency of heated 
water, producing those quiet discharges which Hunt has named 
crenitic. It is to be observed here that explosive volcanic phe- 
nomena, and the formation of cones, are, as Prestwich has well 
remarked, characteristic of an old and thickened crust; quiet 
ejection from fissures and hydro-thermal action may have been 
more common in earlier periods and with a thinner over-crust. 
(6) The contraction of the earth’s interior by cooling and by 
the emission of material from below the over-crust, has caused 
this crust to press downward, and therefore ‘laterally, and so to 
effect great bends, folds, and plications; and these modified 
subsequently by surface denudation constitute mountain-chains 
and continental plateaus. As Hall long ago pointed out,! such 
lines of folding have been produced more especially where thick 
sediments had been laid down on thesea-bottom, Thus we have 


here another apparent paradox, namely, that the elevations of the | 


earth’s crust occur in the places where the greatest burden of 
detritus has been laid down upon it, and where consequently the 
crust has been softened and depressed. We must beware, in 
this connection, of exaggerated notions of the extent of contrac- 
tion and of crumbling required to form mountains. Bonney has 
well shown, in lectures delivered at the London Institution, that 
an amount of contraction, almost inappreciable in comparison 
with the diameter of the earth, would be sufficient ; and that as 
the greatest mountain-chains are less than 1/600 of the earth’s 
radius in height, they would on an artificial globe a foot in dia- 
meter be no more important than the slight inequalities that 
might result from the paper gores overlapping each other at the 
edges. 

(7) The crushing and sliding of the over-crust inplied in these 
movements raise some serious questions of a physical character. 
One of these relates to the rapidity or slowness of such move- 
ments, and the consequent degree of intensity of the heat 
developed, as a possible cause of metamorphism of rocks. 
Another has reference to the possibility of changes in the equili- 
brium of the earth itself as resulting from local collapse and 
ridging. These questions in connection with the present disso- 
ciation of the axis of rotation from the magnetic poles, and with 
changes of climate, have attracted some attention,” and probably 
deserve further consideration on the part of physicists. In so 
far as geological evidence is concerned, it would seem that the 
general association of crumbling with metamorphism indicates a 
certain rapidity in the process of mountain-m aking, and conse- 
quent development of heat, and the arrangement of the older 
rocks around the Arctic basin forbids us from assuming any 
extensive movement of the axis of rotation, though it does not 
exclude changes to a limited extent. I hope that Prof. Darwin 
will discuss these points in his address to the Physical Section. 

I wish to formulate these principles as distinctly as possible, 
and as the result of all the long series of observations, calcula- 
tions, and discussions since the time of Werner and Hutton, and 
in which a vast number of able physicists and naturalists have 
borne a part, because they may be considered as certain deduc- 
tions from our actual knowledge, and because they lie at the 
foundation of a rational physical geology. 

We may popularise these deductions by comparing the earth 
to a drupe or stone-fruit, such as a plum or peach, somewhat 
dried up. It has a large and intensely hard stone and kernel, a 
thin pulp made up of two layers, an inner more dense and dark- 
coloured, and an outer less dense and lighter-coloured. These 
constitute the under-crust. On the outside it has a thin membrane 
or over-crust. In the process of drying it has slightly shrunk, 
so as to produce ridges and hollows of the outer crust, and this 
outer crust has cracked in some places, allowing portions of the 
pulp to ooze out—in some of these its lower dark substance, in 
others its uppez and lighter material. The analogy extends no 
further, for there is nothing in our withered fruit to represent 
the oceans occupying the lower parts of the surface or the deposits 
which they have laid down. 

Keeping in view these general conclusions, let us now turn to 
their bearing on the origin and history of the North Atlantic. 

Though the Atlantic is a deep ocean, its basin does not con- 
stitute so much a depression of the crust of the earth as a 
flattening of it, and this, as recent soundings have shown, with a 
slight ridge or elevation along its middle, and banks or terraces 

* Hall (American Association Address, 1857, subsequently republished, with 
additions, as *‘ Contributions to the Geological History of the American Conti- 
nent ** Mallet), Rogers, Dana, Le Conte, &c. 

e recent papers of Oldham and Fisher in the Geological Magazine and 
Phil hi Magazine, July 1886. Also Péroche, *‘ Revol. Polaires”’ 
(Paris, 188 


fringing the edges, so that its form is not so much that of a basin 
as that of a shallow plate with its middle alittle raised. Its true 
permanent margins are composed of portions of the over-crust 
folded, ridged up, and crushed, as if by lateral pressure emanat- 
ing from the sea itself. We cannot, for example, look at a 
geological map of America without perceiving that the Appala- 
chian ridges, which intervene between the Atlantic and the St. 
Lawrence Valley, have been driven bodily back by a force acting 
from the east, and that gy have resisted this pressure only 
where, as in the Gulf of St. Lawrence and the Catskill region 
of New York, they have been protected by outlying masses of 
very old rocks, as, for example, by that of the Island of New- 
foundland and that of the Adirondack Mountains. The admir- 
able work begun by my friend and fellow-student, Prof. James 
Nicol, followed up by Hicks, Lapworth, and others, and now, 
after long controversy, fully confirmed by the recent observations 
| of the Geological Survey of Scotland, has shown the most intense 

action of the same kind on the east side of the ocean in the 
Scottish highlands; and the more widely distributed Eozoic 





rocks of Scandinavia may be appealed to in further evidence of 


this.? 

If we now inquire as to the cause of the Atlantic Sepeemion, 
we must go back to a time when the areas occupied by the 
Atlantic and its bounding coasts were parts of a shoreless sea in 
which the earliest gneisses or stratified granites of the Laurentian 
age were being laid down in vastly extended beds. ne 
ancient crystalline rocks have been the subject of much discus- 
sion and controversy, and as they constitute the lowest and 
probably the firmest part of the Atlantic sea-bed, it is necessary 
to inquire as to their origin and history. Dr. Bonney, the late 
President of the Geological Society, in his anniversary address, 
and Dr. Sterry Hunt, in an elaborate paper communicated to 
the Royal Society of Canada, have ably summed up the hypo- 
theses as to the origin of the oldest Laurentian beds. At the 
basis of these hypotheses lies the admission that the immensely 
thick beds of orthoclase gneiss, which are the oldest stratified 
rocks known to us, are substantially the same in ee 
with the upper or siliceous magma or layer of the under-crust 
bg are, in short, its materials either in their primitive cond 
tion or merely re-arranged. One theory considers them as 
ctigial products of cooling, owing their lamination merely to 
the successive stages of the process. Another view refers them 
to the waste and re-arrangement of the materials of a previously 
massive granite. Still another holds that all our granites really 
arise from the fusion of old gneisses of originally aqueous origin ; 
while a fourth refers the gneisses themselves to molecula ar 
changes effected in granite by pressure. These several eed 
in so far as they relate to the oldest or fundamental Laurentian 

| gneiss, may be arranged under the following heads :—(1) Zudo- 
| Plutonic, or that which regards all the old» gneisses as molten 
| rocks cooled from without inward in successive layers.* 
LExoplutonic, or that which considers them as made up of matte 
ejected from below the upper crust in the manner of sts 
action.* (3) Aletamorphic, which supposes the old gneisses to 
arise from the crystallisation of detrital matter spread over the 


igneous rocks,* (4) Chaotic or Thermo-chaotic, or the theory of 
deposit from the turbid waters of a primeval ocean either with 
or without the aid of heat. In one form this was the old theory 
of Werner. (5) Crenitic or Hydro-thermic, which supposes the 
action of heated waters penetrating below the crust to be con- 
stantly bringing up to the surface mineral matters in solution and 
pe these so as to form feldspathic and other rocks.® 


Address to the Geological Section, by Prof. Judd, Aberdeen meetin: 1S, 

dine According to Rogers, the crumpling of the Appalachians has redu 
a breadth of 158 miles to about 60. 

2 Naumann, | Phillips, Durocher, McFarlane, &c. 

3 Clarence King, Tornebohm, Marr, &c. 

4 Lyell, Kopp, Reusch, Judd, &c. 5 Scrope, Delabeche, Daubrce 

6 Hunt, oc. cit. The following is Dr. Hunt's summary statement of t 
theory : — The globe consolidating at the centre left, it is conceived, a super- 
ficial layer of basic silicates, which has yielded all the fixed elements of t he 
earth's crust. This layer formed the first land and the floor of the primeval 
sea, the acid waters of which, perm eating and partially decomposing !t, 
became thereby chemically neutralised. T his last-cooled layer, mechani 
disintegrated, saturated with water, and heated by the central mass, was th 
source of mineral springs, holding in solution the silicates which built =p the 
ancient gneisses and similar rocks. Granitic veins and zeolites are d 
survivals of the process which generated the gneissic rocks. The hy pot 
of their formation from materials brought to the surface by mineral sp 
from the primitive basic layer affords, it is claimed, the elements of a 
plete and intelligible explanation of the origin of the Eozoic rocks. 
upward lixiviation of the primitive mass, and the deposition over it 
acidic granite-like rock, would leave below a highly basic material, aad 
1 ivision of the ma ss thus established would correspond to that of the tra: hyti 
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It will be observed, in regard to these theories, that none of 
them supposes that the old gneiss is an ordinary sediment, but 
that all regard it as formed in exceptional circumstance:, these 
circumstances being the ab-ence of land and of sub-aérial decay 
of rock, and the presence wholly or principally of the material 
of the upper surface of the recently hardened crust. This being 
granted, the question arises, Ought we not to combine these 
several theories and to believe that the cooling crust has hardened 
in successive layers from without inward ; that at the same time 
fissures were locally discharging igneous matter to the surface ; 
that matter held in suspension in the ocean, and matter held in 
solution by heated waters rising from beneath the outer crust 
were mingling their materials in the deposits of the primitive 
ocean? Jt would seem that the combination ofall these agencies 
may safely be invoked as causes of the pre-Atlantic deposits. 
This is the eclectic position which I endeavoured to maintain in 
my address before the Minneapolis meeting of the American 
Association in 1883, and which I still hold to be in every way 
probable. ; 

A word here as to metamorphism, a theory which, like many 
others, has been first run to death and then discredited, but 
which to the moderate degree in which it was originally held by 
Lyell is still valid. 
composition of the Laurentian gneisses forbids us to suppose that 
they can be ordinary sediments metamorphosed. 
rocks peculiar in their origin, and not paralleled unless excep- 
tionally in later times. On the other hand, they have un- 
doubtedly experienced very important changes, more especially 
as to crystallisation, the state of combination of their ingredients, 
and the development of disseminated minerals ;! and while this 
may in part be attributed to the mechanical pressure to which 
they have been subjected, it requires also the action of hydro- 
thermic agencies, Any theory which fails to invoke both of 
these kinds of force must necessarily be partial and imperfect. 

But all metamorphic rocks are not of the same character with 
the gneisses of the Lower Laurentian. Even in the Middle 
and Upper Laurentian we have metamorphic rocks, e.g. quartzite 
and limestone, which must originally have been ordinary aqueous 
deposits. Still more in the succeeding Huronian and its asso- 
ciated series of beds, and in the Lower Palzozoic, local meta- 
morphic change has been undergone by rocks quite similar to 
those which in their unaltered state constitute regular sedimentary 
deposits. In the case of these later rocks it is to be borne in 
mind that, while some may have been of volcanic origin, others 
may have been sediments rich in undecomposed fragments of 
silicates. It isa mistake to suppose that the ordinary decay of 
stratified siliceous rocks is a process of kaolinisation so perfect as 
to eliminate all alkaline matters. On the contrary, the fact, 
which Judd has recently well illustrated in the case of the mud 
of the Nile, applies to a great number of similar deposits in all 
parts of the world, and shows that the finest sediments have not 


usually been so completely lixiviated as to be destitute of the | 


basic matters necessary for their conversion into gneiss, mica- 
schist, and similar rocks when the necessary agencies of meta- 
morphism are applied to them, and this quite independently of 
any extraneous matters introduced into them by water or other- 
wise. Still it must be steadily kept in view that many of the 
old pre-Cambrian crystalline rocks must have been different 
originally from those succeeding them, and that consequently 
these last even when metamorphosed present different characters. 

I may remark here that, though a palzontologist rather than 
a lithologist, it gives me great pleasure to find so much attention 
now given in this country to the old crystalline rocks, and to 
their study microscopically and chemically as well as in the 
held, a work in which Sorby and Allport were pioneers. As a 
pupil of the late Prof. Jameson, of Edinburgh, my own attention 
was early attracted to the study of minerals and rocks as the 
stable foundations of geological science ; and as far back as 1841 
I had learnt of the late Mr. Sanderson, of Edinburgh, who 


worked at Nicol’s sections, how to slice rocks and fossils ; and | 


since that time I have been in the habit of examining everything 


and doleritic magmas, which have been conjectured to be the sources of two 
Sreat types of eruptive rocks. Inasmuch, however, as according to the 
Present hypothesis these two layers of basic and acidic matters are the 
results of aqueous action, and not of an original separation in a plutonic mass, 
aS imagined by Phillips and Durocher, their composition would be subject to 
ms Says variations.” 
he first of these is what Bonney has called Metasf/asis. The second 
and third come under the name Aetacrasis. Methylosis, or change of 
Substance, is altogether exceptional, and not to be credited except on the 
t evidence, or in cases where volatile matters have been expelled, as in 
the change of hematite into magnetite, or of bituminous coal into anthracite. 
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with the microscope. The modern developments in this direction 
are therefore very gratifying, even though, as is natural, they 
may sometimes appear to be pushed to» far or their value 
over-estimated. 

That these old gneisses were deposited not only in what is 
now the bed of the Atlantic, but also on the great continental 
areas of America and Europe, any one who considers the wide 
extent of these rocks represented on the map recently published 
by Prof. Hull can readily understand (Zrans. Royal Irish 
Academy). It is true that Hull supposes that the basin of the 
Atlantic itself may have been land at this time, but there is no 
evidence of this, more especially as the material of the gneiss 
could not have been detritus derived from sub-aérial decay of 
rock. 

Let us suppose, then, the floor of old Ocean covered with a 
flat pavement of gneiss, or of that material which is now gneiss, 
the next question is, How and when did this original bed become 
converted into seaand land? Here we have some things certain, 
others most debatable. That the cooling mass, especially if it 
was sending out volumes of softened rocky material, either in 
the exoplutonic or in the crenitic way, and pi this on the 
surface, must soon become too small for ll, is apparent ; 
but when and where would the collapse, crushing, and wrinkling 
inevitable from this cause begin? Where they did begin is 
indicated by the lines of mountain-chains which the 
Laurentian districts ; but the reason why is less apparent. The 
more or less unequal cooling, hardening, and conductive power 
of the outer crust we may readily assume. The driftage un- 
equally of water-borne detritus to the south-west by the bottom 
currents of the sea is another cause, and, as we shall soon see, 
most effective. Still another is the greater cooling and harden- 
ing of the crust in the polar regions, and the tendency to collapse 
of the equatorial protuberance from the slackening of the earth’s 
rotation. Besides these the internal tides of the earth’s substance 
at the times of solstice would exert an oblique pulling force on 
the crust, which might tend to crack it along diagonal lines. 
From whichever of these causes or the combination of the whole, 
we know that within the Laurentian time folded portions of the 
earth’s crast began to rise above the general surface in broad 
belts running from north-east to south-west, and from north-west 
to south-east, where the older mountains of Eastern America 
and Western Europe now stand, and that the subsidence of the 
oceanic areas allowed by this crumpling of the crust permitted 
other areas on both sides of what is now the Atlantic to form 
limited table-lands.!_ This was the beginning of a process re- 
peated again and again in subsequent times, and which began 
in the Middle Laurentian, when for the first time we find beds 
of quartzite, limestone, and iron ore, and graphitic beds, in- 
dicating that there was already land and water, and that the sea, 
and perhaps the land, swarmed with animal and plant life of 
forms unknown to us for the most part now. Independently of 
the questions as to the animal nature of Eozoon, I hold that we 
know, as certainly as we can know anything inferentially, of the 
existence of these primitive forms of life. If I were to conjecture 
what were the early forms of plant and animal life, 1 would 
suppose that just as in the Palzozoic the acrogens culminated in 
gigantic and complex forest trees, so in the Laurentian the Algz, 
the lichens, and the mosses grew to dimensions and assumed 
complexity of structure unexampled in later times, and that in 
the sea the humbler forms of Protozoa and Hydrozoa were the 
dominant types, but in gigantic and complex forms. The land 
of this period was probably limited, for the most part, to high 
latitudes, and its aspect, though more rugged and abrupt, and 
of greater elevation, must have been of that character which we 
still see in the Laurentian hills. The distribution of this ancient 
land is indicated by the long lines of old Laurentian rock extend- 
ing from the Labrador coast and the north shore of the St. 
Lawrence, and along the eastern slopes of the Appalachians in 
America, and the like rocks of the Hebrides, the Western High- 
lands, and the Scandinavian mountains. A small but interesting 
remnant is that in the Malvern Hills, so well described by Hol 
It will be well to note here, and to fix on our minds, that th: sc 
ancient ridges of Eastern America and Western Europe have 
been greatly denuded and wasted since Laurentian tin es, and 
that it is along their eastern sides that the greatest sedimentary 
accumulations have been deposited. 

From this time dates the introduction of that dominance of 


i 
Its she 


traverse 


* Daubrée’s curious experiments on the contraction of caoutchouc balloor 
partially hardened by coating with varnish, shows how small inequ: cf 
the crust, from whatever cause arising, might affect the formation of writ 
and also that transverse as well as longitudinal wankling might occur. 
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the sea ; while it is also to be noted that there are, 
stated, bordering shelves, constituting shallows in 
which at certain periods have emerged as land. 

We are thus compelled to believe in the contemporaneous ex- 
istence in all geological periods, except perhaps the earliest of 
them, of three distinct conditions of areas on the surface of the 
earth. (1) Oceanic areas of deep sea, which always continued 
to occupy in whole or in part the bed of the present ocean. (2) 
Continental plateaus and marginal shelves, existing as low flat 
or higher table-lands liable to periodical submergence and emer- 
gence. (3) Lines of plication and folding, more es} ecially along 
the borders of the oceans, forming elevated portions of land, 
rarely altogether submerged, and constantly affording the mate- 
rial of sedimentary accumt ulations, while they were also the seats 
of powerful volcanic ejections. 

In the successive geolog ical 
when submerged, owing to their vast 
low sea, have been great tl 
marine life and of the depositi 
when elevated they have furnished 
land faunas and floras. The m« untai 
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ively, there secms to be less parallelism between the deposits 
and forms of life of the two oceans as compared with each other, 
and less correspondence in forms of life, especially in movlern 
times. Still in the earlier geological ages, as might have been 
anticipated from the imperfect development of the continents, 
the same forms of life characterise the whole ocean from Australia 
to Arctic America, and indicate a grand unity of Pacific and 
Atlantic life not equalled in later times,! and which speaks of 
contemporaneity rather than of what has been termed homo- 
taxis. 

We may pause here for a moment to notice some of the effects 
of Atlantic growth on modern geography. It has given us rugged 
and broken shores composed of old rocks in the north, and newer 
formations and softer features towards the south. It has given 
us marginal mountain-ridges and internal plateaus on both sides 
of the sea. It has produced certain curious and by no mears 
accidental correspondences of the eastern and western sides. 
Thus the solid basis on which the British Islands stand may be 
compared with Newfoundland and Labrador, the English 
Channel with the Gulf of St. Lawrence, the Bay of Biscay with 
the Bay of Maine, Spain with the projection of the American 
land at Cape Hatteras, the Mediterranean with the Gulf of 
Mexico. The special conditions of deposition and plication 
necessary to these results, and their bearing on the character and 
productions of the Atlantic basin, would require a volume for 
their detailed elucidation. 

Thus far our discussion has been limited almost entirely to 
physical causes and effects. If we now turn to the life-history 
of the Atlantic, we are met at the threshold with the question 
of climate, not as a thing fixed and immutable, but as changing 
from age to age in harmony with geographical mutations, and 
producing long eosmic summers and winters of alternate warmth 
and refrigeration. 

We can scarcely doubt that the close connection of the Atlantic 
and Arctic Oceans is one factor in those remarkable vicissitudes 
of climate experienced by the former, and in which the Pacific 
area has also shared in connection with the Antarctic Sea. No 
geological facts are indeed at first sight more strange and inex- 
plicable than the changes of climate in the Atlantic area, even 
in comparatively modern periods. We know that in the early 
Tertiary perpetual summer reigned as far north as the middle of 
Greenland, and that in the Pleistocene the Arctic cold advanced, 
until an almost perennial winter prevailed, half-way to the equator. 
It is no wonder that nearly every cause available in the heavens 
and the earth has been invoked to account for these astounding 
facts. 

It will, I hope, meet with the approval of your veteran glacio- 
logist, Dr. Crosskey, if, neglecting most of the-e theoretical 
views, I venture to invite your attention in connection with this 
guestion chiefly to the old Lyellian doctrine of the modification 
of climate by geographical changes. Let us, at least, consider 
how much these are able to account for.? 

The acean is a great equaliser of extremes of temperature. It 
does this by its great capacity for heat and by its cooling and 
heating power when passing from the solid into the liquid and 
gaseous states, and the reverse. _It also acts by its mobility, its 
currents serving to convey heat to great distances, or to cool the 
air by the movement of cold icy waters. The land, on the other 
hand, cools or warms rapidly, and can transmit its influence to 
a distance only by the winds, and the influence so transmitted is 
rather in the nature of a disturbing than of an equalising cause. 
It follows that any change in the distribution of land and water 
must affect climate, more especially if it changes the character 
or course of the ocean currents. 

s Journal of Geological 


**Queensland Geology,”’ 
Trans. 


Daintree and Etheridge, 
: Australian Fossils,’’ 


Society, August 1872; R. Etheridge, Junior, ** 
Phys. Soc., Edin.. 1880. 

* The late Mr. Searles V. Wood, in an able summary of the possible causes 
of the succession of cold and warm climates in the northera hemisphere, 
enumerates no fewer than seven theories which have met with more or less 
acceptance. These are:— 

(1) The gradual cooling of the earth from a condition of original incan- 
descence. 

(2) Changes in the obliquity of the ecliptic. 

(3) Changes in the position of the earth’s axis of rotation 

(4) The effe t of the precession of the equinoxes along with changes of the 
eccentricity of the earth’s orbit. 

(5) Variations in the amount of heat given off by the sun 

(6) Differences in the temperature of portions of space passed through by 
the earth. 

(7) Differences in the distribution of land and water in connection with the 
flow of cceanic currents 

Von Woeik: ff has very strongly put these pri inciples in a review of 
Croll’s recent book, ‘‘Climate and Cosmology,” American Yournad of 
Science, March 18 
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At the present time the North Atlantic presents some very 
peculiar, and in some respects exc eptional, features, which are 
most instructive with reference to its past history. The great 
intern'] plateau of the American continent is now dry land; 
the passage across Central America between the Atlantic and 
Pacific is blocked ; the Atlantic opens very widely to the north ; 
the high mass of Greenland towers in its northern part. The 
effects are that the great equatorial current running across from 
Africa and embayed in the Gulf of Mexico, is thrown north- 
ward and eastward in the Gulf Stream, acting as a hot-water 
apparatus to heat up to an exceptional degree the western coast 
of Europe. On the other hand, the cold Arctic current from 
the Polar seas is thrown to the westward, and runs down from 
Greenland past the American shore.! The pilot chart for June 
of this year shows vast fields of drift ice on the western side of 
the Atlanticas farsouth as the latitude of 40°. So far, there- 
fore, the Glacial age in that part of the Atlantic still extends ; 
this at a time when, on the eastern side of the Atlantic, 
culture of cereals reaches in Norway beyond the Arctic Circle, 
Let us inquire into some of the details of these phenomena. 

The warm water thrown into the North Atlantic not only in- 
creases the temperature of its whole waters, but gives an excep- 
tionally mild climate to Western Europe. Still the countervail- 
ing influence of the Arctic currents and the Greenland ice is 
sufficient to permit icebergs which creep down to the mouth of 
the Strait of Belle Isle, in the latitude of the south of England, 
to remain unmelted till the snows of a succeeding winter fall 
upon them. Now let us suppose that a subsidence of land 
tropical America were to allow the equatorial current to 
through into the Pacific. The effect would at once be to reduce 
the temperature of Norway and Britain to that of Guestiend 
and Labrador at present, while the latter countries would them- 
selves become colder. The northern ice, drifting down into the 
Atlantic, would not, as now, be melted rapidly by the warm 
water which it meets in the Gulf Stream. Much larger quan- 
tities of it would remain undissolved in summer, and thus an 
accumulation of permanent ice would take place, along the 
American coast at first, but probably at length even on the Euro- 
pean side. This would still further chill the atmosphere, 
glaciers would be established on all the mountains of temperate 
Europe and America,” the summer would be kept coll by melt- 
ing ice and snow, and at length all Eastern America and Europe 
might become uninhabitat sle, except by Arctic animals and 
plants, as far south as perhaps 40° of north latitude. This woul id 
be simply a return of the Glacial age. I have assumed « 
one geographical change ; but other and more complete chan; 
of subsidence and elevation mi ight take place, with effects on 
climate still more decisive ; more especially would this be the 
case if there were a considerable submergence of the land 
temperate latitudes. 

We may suppose an opposite case. The high plateau 
Greenland might subside, or be reduced in height, and the open 
ings of Baffin’s Bay and the North Atlantic might be closed. 
At the same time the interior plain of America might be de- 
pressed, so that, as we know to have been the case in the Cre- 
taceous period, the warm waters of the Mexican Gulf woul< 
circulate as far north as the basins of the present great Ameri- 
can lakes. In these circumstances there would be an immens 
diminution of the sources of floating ice, and a correspondingly 
vast increase in the surface of warm water. The effects would 
be to enable a temperate flora to subsist in Greenland, and 
bring all the present temperate regions of Europe and America 
into a condition of subtropical verdure. 

It is only neces-ary to add that we know that vicissitudes not 
dis-imilar from those above sketched have actually occurred in 
comparatively recent geological times, to enable us to perceive 
that we can dispense with all other causes of change of climate, 
though admitting that some of them may have occupied a 
secondary place.* ‘This will give us, in dealing with the distri- 
bution of life, the great advantag ge of not being tied up to defin te 
astronomical cycles of glaciation, which may not always suit the 

geological facts, and of correlating elevation and subsidence of 
the land with changes of climate affecting living beings. It 


™ I may refer here to the admirable expositions of these effects by th 
late Dr. Carpenter in his papers on the results of the explorations of the 
Challe er. 

According tu Bonney, the west coast of Wales is about 12 
average for its latitude, and if reduced to 12° below the average its moun 
tains would have large glaciers. 

3 More especially the 1 ingenious and elaborate arguments of Croll dese1y 
consideration ; and, though I cz annot agree with him in his main thesi 
gladly ac knowledge the great utility of “the work he has done. 
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will, however, be necessary, as Wallace well insists, that we 
shall hold to that degree of fixity of the continents in their posi- 
tion, notwithstanding the submergences and emergences they 
have experienced, to which I have already adverted. Sir 
Charles Lyell, more than forty years ago, published’ in his 
“Principles of Geology ” two imaginary maps which illustrate 
the extreme effects of various distribution of land and water. In 
one all the continental masses are grouped around the equator. 


In the other they are all placed around the poles, leaving | 
In the one case the whole of the | 


an open equatorial ocean. 
land and its inhabitants would enjoy a perpetual summer, and 
scarcely any ice could exist in the s-a. In the other the whole 


of the land would be subjected to an Arctic climate, and | 


it would give off immense quantities of ice to cool the ocean. 
But Lyell did not suppose that any such distribution as that 
represented in his maps had actually occurred, though this sup- 
position has been sometimes attributed to him. 
what he regarded as an extreme case to illustrate what might 
occur under conditions less exaggerated. 
thoughtful geologists, was well aware of the general fixity of the 
areas of the continents, though with great modifications in the 
matter of submergence and of land conditions. The union, 


indeed, of these two great principles of fixity and diversity of the | 


continents lies at the foundation of theoretical geology. 


We can now more precisely indicate this than was possible | 


when Lyell produced his ‘‘ Principles,” and can reproduce the 


conditions of our continents in even the more ancient periods of | 
Some examples may be taken from the history of | 


their history. 
the American continent, which is more simple in its arrange- 
ments than the double continent of Europ-asia. We may 
select the early Devonian or Erian period, in which the magni- 


ficent flora of that age—the earliest certainly known to us— | 


made its appearance. Imagine the whole interior plain of 


North America submerged, so that the continent is reduced to | 
two strips on the east and west, connected by a belt of Lau- | 


rentian land on the north. Inthe great mediterranean sea thus 
produced, the tepid water of the equatorial current circulated, 


and it swarmed with corals, of which we know no less than 150 | 


species, and with other forms of life appropriate to warm seas. 
On the islands and coasts of this sea was introduced the Erian flora, 
appearing first in the north ; and with that vitality and colonis- 


ing power of which, as Hooker has well shown, the Scandi- | 


navian flora is the best modern type, spreading itself to the 
south.! A very similar distribution of land and water in the 
Cretaceous age gave a warm and equable climate in those por- 
tions of North America not submerged, and coincided with 
the appearance of the multitude of broad-leaved trees of 
modern types introduced in the early and middle Cretaceous, 
and which prepared the way for the mammalian life of the 
Eocene. We may take a still later instance from the second 
continental period of the later Pleistocene or early modern, 
when there would seem to have been a partial or entire closure 
of the North Atlantic against the Arctic ice, and wide exten- 


sions seaward of the European and American land, with possibly | 


considerable tracts of Jand in the vicinity of the equator, while 
the Mediterranean and the Gulf of Mexico were deep inland 
lakes (Dawkins, Popular Science Monthly, 1873). 
such conditions on the climates of the northern hemisphere must 
have been prodigious, and their investigation is rendered all the 
more interesting because it would seem that this continental 
period of the post-Glacial age was that in which man made his 
frst acquaintance with the coasts of the Atlantic, and possibly 
made his way across its waters. 

We have in America ancient periods of cold as well as of 
warmth. I have elsewhere referred to the boulder conglomer- 
ates of the Huronian, of the Cambrian and Ordovician, of the 
Millstone-grit period of the Carboniferous and of the early 
Permian, but would not venture to affirm that either of these 
periods was comparable in its cold with the later Glacial age, 
still less with that imaginary age of continental glaciation 
assumed by certain of the more extreme theorists (‘f Notes on 
Post-Pliocene of Canada”; ‘‘Pre-Cambrian Glaciers,” Geol. 
Mag., 1880). These ancient conglomerates were probably pro- 
duced by floating ice, and this at periods when in areas not very 
temote temperate floras and faunas could flourish. The glacial 
Periods of our old continent occurred in times when the surface 

‘ As I have elsewhere endeavoured to show (“Report on Silurian and 
Devonian Plants of Canada”’), a warm climate in the Arctic region seems 
p have afforded the necessary conditions for the great colonising floras of 
all geological periods. Gray had previously illustrated the same fact in the 
case of the more modera floras. 





He merely put | 
| as to cause great vicissitudes of climate. 
Sir Charles, like other | 


The effect of | 





of the submerged land was opened up to the northern currents, 
drifting over it mud and sand and stones, and rendering 
nugatory, in so far at least as the bottom of the s:a was con- 
cerned, the effects of the superficial warm streams. Some of 
these beds are also peculiar to the eastern margin of the conti- 
nent, and indicate ice-drift along the Atlantic coast in the same 
manner as at present, while conditions of greater warmth existed 
in the interior. Even in the more recent Glacial age, while the 
mountains were covered with snow and the lowlands submerged 
under a sea laden with ice, there were interior tracts in some- 
what high latitudes of America in which hardy forest trees and 
herbaceous plants flourished abundantly ; and these were by no 
means exceptional ‘‘ interglacial” pe-iods. Thus we can show 
that, while from the remote Huronian period to the Tertiary the 
American land occupied the same position as at present, and 
while its changes were merely changes of relative level as com- 
pared with the sea, these have so influenced the ocean currents 


Without entering on any detailed discussion of that last and 
greatest Glacial period which is best known to us, and is more 
immediately connected with the early history of man and the 
modern animals, it may be proper to make a few general state- 
ments bearing on the relative importance of sea-borne and land 
ice in producing those remarkable phenomena attributable to 
ice action in this period. In considering this question it must 
be borne in mind that the greater masses of floating ice are pro- 
duced at the seaward extremities of land glaciers, and that the 
heavy field-ice of the Arctic regions is not so much a result of 
the direct freezing of the surface of the sea as of the accumula- 
tion of snow precipitated on the frozen surface. In reasoning 
on the extent of ice action, and especially of glaciers in the 
Pleistocene age, it is necessary to keep this fully in view. Now 
in the formation of glaciers at present—and it would seem also 
in any conceivable former state of the earth—it is necessary that 
extensive evaporation should conspire with great condensation 
of water in the solid form. Such conditions exist in moun- 


| tainous regions sufficiently near to the sea, as in Greenland, 


Norway, the Alps, and the Himalayas ; but they do not exist in 
low Arctic lands like Siberia or Grinnell Land, nor in inland 
mountains. It follows that land-glaciation has narrow limits, 
and that we cannot assume the possibility of great confluent or 
continental glaciers covering the interior of wide tracts of land. 
No imaginable increase of cold could render this possible, inas- 
much as there could not be a sufficient inux of vapour to pro- 
duce the necessary condensation ; and the greater the cold, the 
less would be the evaporation. Ona the other hand, any in- 
crease of heat would be felt more rapidly in the thawing and 
evaporation of land ice and snow than on the surface of the 
sea. 

Applying these very simple geographical traths to the North 
Atlantic continents, it is easy to perceive that no amount of 
refrigeration could produce a continental glacier, because there 
could not be sufficient evaporation and precipitation to afford 
the necessary snow in the interior. The case of Greenland is 
often referred to, but this is the case of a high mass of cold land 
with sea, mostly open, on both sides of it, giving, therefore, the 
conditions most favourable to precipitation of snow. If Green- 
land were less elevated, or if there were dry plains around it, 
the case would be quite different, as Nares has well shown by 

is observations on the summer verdure of Grinnell Land, which, 
in the immediate vicinity of North Greenland, presents very 
different conditions as to glaciation and climate.! If the plains 


| were submerged, and the Arctic currents allowed free access to 


the interior of the continent of America, it is conceivable that 
the mountainous regions remaining out of water would be 
covered with snow and ice, and there is the best evidence that 
this actually occurred in the Glacial period ; but with the plains 
out of water this would be impossible. We see evidence of this 
at the present day in the fact that in unusually cold winters the 
great precipitation of snow takes place south of Canada, leaving 
the north comparatively bare, while as the temperature becomes 
milder the area of snow deposit moves farther to the north. 
Thus a greater extension of the Atlantic, and especially of its 
cold ice-laden Arctic currents, becomes the most potent cause of 
a glacial age. 

I have long maintained these conclusions on general geo- 
graphical grounds, as well as on the evidence afforded by the 
Pleistocene deposits of Canada ; and in an address the theme of 


' These views have been admirably illustrated by Von Woeikoff in the 
paper already referred to, and in previous geographical papers. 
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which is the ocean I may be excused for continuing to regard 
the supposed terminal moraines of great continental glaciers as 
nothing but the southern limit of the ice-drift of a period of 
submergence. 
laden sea where its floe-ice and bergs grounded, or where its ice 
was rapidly melted by warmer water, and where consequently 
its burden of boulders and other debris was deposited, would 
necessarily present the aspect of a moraine, whic 1 by the long 
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ooze. In point of fact it contains different species of foraminife, 


shells, Globigerina and Orbulina being in some localities do 
ant, and in others other species, and these changes are n 
apparent in the shallower portions of the ocean. 

It is also to be observed that there are means for dissemi 
ing coarse material over the ocean bed. There are in the 


and off the coast of Norway sand constitutes a consider 
part of the bottom material. Soundings and dredgings 
Great Britain, and also off the American coast, have shown 


fragments of stone referable to Arctic lands are abundant 


strewn over the bottom along certain lines, and the Anta 
continent, otherwise almost unknown, makes its presence felt 
the dredge by the abundant masses of crystalline rock dri 
far from it to the north. These are not altogether new 
coveries. I had inferred many ye ago, from stones taken 
by the hooks of fishermen on the banks of Newfoundland, 


rocky material from the north is »pped on these banks by 


heavy ice which drifts over them every spring, that these ston 


are glaciated, and that after they fall to the bottom san 
drifted over them with sufficient velocity to polish the stones 
to erode the shelly coverings of Arctic animals attached to 
(‘*Notes on Post-Pliocene of Canada,” 1872). If then 
Atlantic basin were upheaved into land we should see be 
sand, gravel, and boulders with clay flats and layers of marl 
limestone. According to the Challenger Reports, in the 
i blue mud with fragments of 
is of 1200 to 2000 fathoms. The stones, some of 
ed, were granite, diorite, amphibolite, mica-schist, g 
and quartzite. This deposit ceases and gives place to G 
gerina ooze and red clay at 46° to 47° S., but even further 1 
here is sometimes as much as er cet. of crystalline s 
In the Labrador current a block of syenite weighing 490 po 
was taken up from 1340 fathoms, and in the Arctic current, 
miles from land, was a stony deposit, some stones 
glaciated. Among these were smoky quartz, quartzite, 
>; also part 
monoclinic and triclinic f par, hornblende, augite, magn 
mica, and glauconite, the latter doubt formed in the 
bottom, the others drifted from !ozoic and Palzozoic formati 
to the north (*‘ General Report, Challenger Expedition”). 
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to the distribution of organi ings. While at first 
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1e continents, establish this concl ly. Thus the Berm 
ultogether recent islands, have beer cked by the agency 
ocean currents and of birds, with nearly 150 spe 

tinental plants, and the facts collected by Hemsley as 
present facilities of transmission, along with the evidence a 
by older oceanic islands which have been receiving animal 
vegetable colonists for longer periods, go far to show that 
being given, the sea actually affords facilities for the 
tions of the inhabitants of the land, greater than th 
continuous continents. 

With reference to the transmission of living beings acr 
Atlantic, we have before us the remarkable fact that from 


Cambrian age onwards there were on the two sides 


ocean many species of invertebrate animals which were cith 


ir 
of the Arctic current on the American coast great sand-banks 
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considerable changes are produced ; but it is quite as likely that 
they may be retarded or reversed. 

It is possible, on the other hand, that after the long period of 
quiescence which has elapsed there may be a new settlement of 
the ocean bed, accompanied with foldings of the crust, especially 
on the western side of the Atlantic, and possibly with renewed 
volcanic activity on its eastern margin. In either case a long 
time relatively to our limited human chronology may intervene 
before the occurrence of any marked change. On the whole, 
the experience of the past would lead us to expect movements 
and eruptive discharges in the Pacific rather than in the Atlantic 
area. It is therefore not unlikely that the Atlantic may remain 
undisturbed, unless secondarily and indirectly, until after the 
Pacific area shall have attained to a greater degree of quiescence 
than’at present. But this subject is one too much involved in 
uncertainty to warrant us in following it further. 

In the meantime the Atlantic is to us a practically permanent 
ocean, varying only in its tides, its currents, and its winds, 
which science has already reduced to definite laws, so that we 
can use if we cannot regulate them. It is ours to take advan- 
tage of this precious time of quietude, and to extend the bless- 
ings of science and of our Christian civilisation from shore to 
shore until there shall be no more sea, not in the sense of that 
final drying-up of old Ocean to which some physicists look for- 
ward, but in the higher sense of its ceasing to be the emblem 
of unrest and disturbance, and the cause of isolation. 

I must now close this address with a short statement of the 
general objects which I have had in view in directing your at- 
tention to the geological development of the Atlantic. We 
cannot, I think, consider the topics to which I have referred 
without perceiving that the history of ocean and continent is an 
example of progressive design, quite as much as that of living 
beings. Nor can we fail to see that, while in some important 
directions we have penetrated the great secret of Nature, in 
reference to the general plan and structure of the earth and its 
waters, and the changes through which they have passed, we 
have still very much to learn, and perhaps quite as much to un- 
learn, and that the future holds out to us and to our 
higher, grander, and clearer conceptions than those to which we 
have yet attained. The vastness and the might of Ocean, and the 
manner in which it cherishes the feeble-t and most fragile beings, 
alike speak to us of Him who holds it in the hollow of His 
hand, and gave to it of old its boundaries and its laws ; but its 
teaching ascends to a higher tone when we consider its origin 
and history, and the manner in which it has been made to build 
up continents and mountain-chains, and at the same time to 
nourish and sustain the teeming life of sea and land. 
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MATHEMATICAL AND PHYSICAL SCIENCI 
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«\ MERE catalogue of facts, however well arranged, has never 
led to any important scientific generalisation. For in any sub- 
ject the facts are so numerous and many-sided that they only lead 
us to a conclusion when they are marshalled by the light of some 
leading idea. A theory is, then, a necessity for the advance of 
science, and we may regard it as the branch of a living tree, of 
which facts are the nourishment. In the struggle between com- 
peting branches to reach the light some perish, and others form 
vigorous limbs. And as in a tree the shape of the young shoot 
can give us but little idea of the ultimate form of the branch, so 
theories become largely transformed in the course of their exist- 
ence, and afford in their turn the parent stem for others. 

The success of a theory may be measured by the extent to 
which it is capable of assimilating facts, and by the smallness of 
the change which it must undergo in the process. Every theory 
which is based on a true perception of facts is to some extent 
fertile in affording a nucleus for the aggregation of new observa- 
tions. Anda theory, apparently abandoned, has often ultimately 
appeared to contain an element of truth, which receives acknow- 
ledgment by the light of later views. 

It will, 1 think, be useful to avail myself of the present occa- 
sion to direct your attention to a certain group of theories which 
are still in an undeveloped and somewhat discordant condition, 
but which must form the nucleus round which many observations 
have yet to be collected before these theories and their descend- 





ants can make a definitely accepted body of truth. If I am 
disposed to criticise some of them in their actual form, I shal] 
not be understood as denying the great service which has been 
rendered to science by their formulation. 

Great as have been the advances of geology during the present 
century, we have no precise knowledge of one of its fundamental] 
units. The scale of time on which we must suppose geological 
history to be drawn is important not only for geology itself, but 
it has an intimate relation with some of the profoundest questions 
of biology, physics, and cosmogony. 

We can hardly hope to obtain an accurate measure of time 
from pure geology, for the extent to which the events chronicled 
in strata were contemporaneous is not written in the strata th 
selves, and there are long intervals of time of which no record 
has been preserved. 

An important step has been taken by Alfred Tylor, Croll, and 
others, towards the determination of the rate of action of geo- 
logical agents (Geikie, ‘* Text-book of Geology,” 1882, p. 442), 
From estimates of the amount of sediment carried down by 
rivers, it appears that it takes from 1000 to 6000 years to remove 
one foot of rock from the general surface of a river basin. 

From a consideration of the denuding power of rivers, and a 
measurement of the thickness of stratified rock, Phillips has made 
an estimate of the period of time comprised in geological history, 
and finds that, from stratigraphical evidence alone, we may re 
gard the antiquity of life on the earth as being possibly between 
38 and 96 millions of years (‘‘ Life on the Earth,” Rede Lecture 
1860, p. 119). 

Now while we should perhaps be wrong to pay much attention to 
these figures, yet at least we gain some insight into the order of 
magnitude of the periods with which we have to deal, and we 
may feel confident that a million years is not an infinitesimal 
fraction of the whole of geological time. 

It is hardly to be hoped, however, that we shall ever attain to 
any very accurate knowledge of the geological time scale fi 
this kind of argument. 

But there is another theory which is precise in its estimate, 
and which, if acceptable from other points of view, will furnish 
exactly what is requisite. Mr. Croll claims to prove that great 
changes of climate must be brought about by astronomical events 
of which the dates are known or ascertainable (‘‘ Climate and 
Time”). The perturbation of the planets causes a secular vari- 
ability in the eccentricity of the earth’s orbit, and we are able 
confidently to compute the eccentricity of many thousa 
years forward and backward from to-day, al hough it appears that, 
in the opinion of Newcom» and Adams, no great reliance can 
be placed on the values deduced from the formule at dates so 
remote as those of which Mr. Croll speaks. According to Mr. 
Croll, when the eccentricity of the earth’s orbit is at its maxi- 
mum, that hemisphere which has its winter in aphelion would 
undergo a glacial period. Now, as the date of great eccentricity 
is ascertainable, this would explain the great Ice Age and give us 
it; date. 

The theory has met with a cordial acceptance on many sides, 
probably to a great extent from the charm of the complete answer 
it affords to one of the great riddles of geology. 

Adequate criticism of Mr. Croll’s views is a matter of great 
difficulty on account of the diversity of causes which are said t 
co-operate in the glaciation. In the case of an effect arising 
from a number of causes, each of which contributes its share, 
it is obvious that if the amount of each cause and of each effect 
is largely conjectural the uncertainty of the total result is by no 
means to be measured by the uncertainty of each item, but is 
enormously augmented. Without going far into details it may 
be said that these various concurrent causes result in one funda- 
mental proposition with regard to climate, which must be regarded 
as the keystone of the whole argument. That proposition amounts 
to this—that climate is unstable. 

Mr. Croll holds that the various causes of change of climate 
operate inter sein such a way as to augment their several effi- 
ciencies. Thus the trade-winds are driven by the difference of 
temperature between the frigid and torrid zones, and if from the 
astronomical cause the northern hemisphere becomes cooler the 
trade-winds onthat hemisphere encroach on those of the other, and 
the part of the warm oceanic current which formerly flowed into 
the cold north zone, will be diverted into the southern hemisphere. 
Thus the cold of the northern hemisphere is augmented, and this 
in its turn displaces the trade-winds further, and this again acts 
on the ocean currents, and so on; and this is neither more nor 
less than instability. 
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But if climate be unstable, and if, from some of those tempor- 
ary causes for which no reasons can as yet be assigned, there 
occurs a Short period of cold, then surely some even infinitesimal 

rtion of the second link in the chain of causation must exist ; 
and this should proceed as in the first case to augment the 
departure from the original condition, and the climate must 
change. 

In a matter so complex as the weather, it is at least possible 
that there should be instability when the cause of disturbance is 
astronomical, whilst there is stability in an ordinary sense. If 
this is so, it might be explained by the necessity for a prolonged 
alteration in the direction of prevailing winds in order to affect 
oceanic currents (Z6ppritz, Phi’. Mag. 1878). 

However this may be, so remarkable a doctrine as the insta- 
bility of climate must certainly be regarded with great suspicion, 
and we should require abundant proof before accepting it. Now 
there is one result of Mr. Croll’s theory which should afford 
almost a crucial test of its acceptability. In consequence of the 
precession of the equinoxes the conditions producing glaciation 
in one hemisphere must be transferred to the other every 10,000 
years. If there is good geological evidence that this has actually 
been the case, we should allow very great weight to the astrono- 
nical theory, notwithstanding the difficulties in its way. Mr. 
Croll has urged that there is such evidence, and this view has 
been recently strongly supported by M. Blytt (NATURE, July 8 
and 15, 1886). Other geologists do not, however, seem convinced 
ff the conclusiveness of the evidence. 

Thus Mr. Wallace (‘‘ Island Life”), whilst admitting that 
there Was some amelioration of climate from time to time auring 
the last glacial period, cannot agree in the regular alternations of 

Id and warm demanded by Mr. Croli’s theory. To meet this 
ifficulty he proposes a modification. According to his view, 
arge eccentricity in the earth’s orbit will only produce glaciation 
when accompanied by favourable geographical conditions. And 
when extreme glaciation has once been established in the hemi- 
sphere which has its winter in aphelion, the glaciation will persist, 
with some diminution of intensity, when precession has brought 
round the perihelion to the winter. In this case, according to 
Wallace, glaciation will be simultaneous on both hemispheres. 

Again, he contends that, if the geographical conditions are 
not favourable, astronomical causes alone are not competent to 
produce glaciation. 

There is agreement between the two theories in admitting in- 
stability of climate at first, when glaciation is about to begin 
under the influence of great eccentricity of the orbit, but after- 
wards Wallace demands great stability of climate. Thus he 
maintains that there is great stability in extreme climates, either 
warm or cold, whil-t there is instability in moderate climates. I 
cannot perceive that we have much reason from physical con- 
siderations for accepting these remarkable propositions, and the 
acceptance or rejection of them demands an accurate knowledge 

fthe most nicely balanced actions, of which we have as yet 
tarely an outline. 

Ocean currents play a most prominent part in these theories, 
but at this moment our knowledge of the principal oceanic circu- 
lation, and of its annual variability, is very meagre. In the 
ourse of a few years we may expect a considerable accession to 
ur knowledge, when the Meteorological Office shall have com- 
pleted a work but just begun—viz. the analysis of ships’ logs for 
some sixty years, for the purpose of laying down in charts the 
xeanic currents. 

With regard to the great atmospheric currents even the general 
«heme is not yet known. Nearly thirty years ago Prof. James 
Thomson gave before this Association at Dublin an important 
suggestion on this point. Asit has been passed over in complete 
lence ever since, the present seems to be a good opportunity of 
redirecting attention to it. 

‘ According to Halley’s theory of atmospheric circulation, the 
lot air rises at the equator and floats north and south in two 
gand upper currents, and it then acquires a westward motion 
relatively to the earth’s surface, in consequence of the earth’s 
totation. Also the cold air at the pole sinks and spreads out 

wet the earth’s surface in a southerly current, at first with a 
westerly tendency, because the air comes from the higher regions 
f the atmosphere, and afterwards due south, and then easterly, 
when it is left behind by the earth in its rotation. 

_ Now Prof. Thomson remarks that this theory disagrees with 
ct in as far as that in our latitudes, the winds, though westerly, 
lave a poleward tendency, instead of the reverse. 

nthe face of this discrepancy he maintains that ‘‘ the great 








circulation already described does actually occur, but occurs sub- 
ject to this modification, that a thin stratum of air on the surface 
of the earth in the latitudes higher than 30°—a stratum in which 
the inhabitants of those latitudes have their existence, and of 
which the movements constitute the observed winds of those 
latitudes—being, by friction and impulses on the surface of the 
earth, retarded with reference to the rapid whirl or vortex-motion 
from west to east of the great mass of air above it, tends to flow 
towards the pole, and actually does so flow to supply the partial 
void in the central parts of that vortex due to the centrifugal 
force of its revolution, Thus it appears that in the temperate 
latitudes there are three currents at diffe heights —that the 
uppermost moves towards the pole, and is part of a grand primary 
circulation between equatorial and polar regions ; the lower- 
most moves also towards the pole, but is only a thin stratum 
forming part of a secondary circulation ; that the middle current 
moves from the pole, and constitutes the return current for both 
the preceding ; and that all these three currents have a prevailing 
motion from west to east” (Brit. Assoc. Report, Dublin, 1857, 
Pp. 35, 39). 

Such, then, appears to be our p 
these great terrestrial actions, and any 
precise effect of ages in the annual d 
heat must be very hazardous until we 
nature of the thing changed. 

When looking at the astronomical theory of geological climate 
as a whole, one cannot but admire the symmetry and beauty of 
the scheme, and nourish a hope that it may be true; but the 
mental satisfaction derived from our su t blind us to 
the doubts and difficulties with which i 

And now let us turn to some othe 
important point of gé 

Amongst the many transcendent service 
by Sir William Thomson, it is not the le: 
the -earching light of the theory of ener n to the science 
Geologists have thus been tau > truth mast 

l : uniformi 

y believed that 

action in the 

remote past, and that the duration of the geologic ages, howeve 

little we may be able mentally to grasp their greatness, must bear 

about the same reiation to the numbers which were written down 

in the older treatises on geology, as the life of an ordinary man 
does to the age of Methuselah. 

The arguments which Sir William Thomson has adduced in 
limitation of geological time are of three kinds. I shall refer 
first to that which has been called the argument from tidal fric 
tion ; but before stating the argument itself it will be convenient 
to speak of the data on which the numerical results 
based. 

Since water is no ions must be 
to friction, and this is evidenced by slay of twenty-four 
thirty-six hours which is found to occur between full and chan 
of moon and spring-tide. An inevitable result of this friction 
is that the diurnal rotation of the earth must be slowly retarded, 
and that we who accept the earth as our timekeeper must accu e 
the moon of a secular acceleration of her motion round the earth, 
which cannot be otherwise explained. It is generally admitte 
by astronomers that there actually is such an unexplained secular 
acceleration of the moon’s mean motion 

No passage in Thomson and Tait’s ‘‘ Natural Philosophy 
has excited more general interest than that in which Adams is 
quoted as showing that. with a certain vilue for the secular 
acceleration, the earth must in a century fall behind a perfect 
chronometer, set and rated at the beginning of the century, 
Unfortunately this passage in the first 
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by twenty-two seconds. 
edition gave an erroneous complexion to Adams's opinion, and 
being qu ted without a statement of the premises, has been 
used in popular astronomy as an authority for establishing the 
statement that the earth is actually a false timekeeper t» the 
precise amount specified. vee 

In the second edition (in the editing of which I took part) 
this passage has been rewritten, and it is shown that Newcomb’s 
estimate of the secular acceleration only gives about one third of 
the retardation of the earth’s rotation, which resulted from 
Adams’s value. The last sentence of the paragraph here runs as 
follows :— ‘‘ It is proper to add that Adams lays but little stress 
on the actual numerical values which have been used in this 
computation, and is of opinion that the amount of tidal retarda 
tion of the earth’s rotation is quite uncertain.” Thus, in th 
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It seems also worthy of suggestion that our data for the average 
gadient of temperature may be somewhat fallacious. Rec 
observations (Chadlenger Expe oe show that the lower stratum 
of the ocean is occupied by water at near the freezing tempera- 
ture, whilst the mean annual quaae ature of the earth’s surface, 
where the borings have been made, must be at least 30° higher. 
It does not then seen impossible that the mean temperature 
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define or explain an element, none satisfy the demands of the 
human intellect. The text-books tell us that an element is ‘a 
body which has not been decomposed ” ; that it is ‘‘ a something 
to which we can add, but from which we . can take away nothing,’ 
or, ‘‘a body which increases in weight with every chemical 
change.” Such definitions are doubly unsatisfactory : they are 
provisional, and may cease to-morrow to be applicable in any 
given case. They take their stand, not on any attribute of the 
things to be defined, but on the limitations of human power ; 
they are confessions of intellectual impotence. 

Just as to Columbus long philosophic meditation led him to the 
fixed belief of the existence of a yet untrodden world beyond that 
waste of Atlantic waters, so to our most keen-eyed chemists, phy- 
sicists, and philosophers a variety of phenomena suggest the con- 
viction that the elements of ordinary assumption are not the ultimate 
boundary in this direction of the knowledge which man may 
hope to attain. Well do I remember, soon after I had obtained 
evidence of the distinct nature of thallium, that Faraday said to 
a new element is a very fine thing, but if you 
could decompose an element and tell us what it is "made of— 
that would be a discovery indeed worth making.” And this was 
no new speculation of Faraday’s, for in one of his early lectures 
he remarked—‘‘ At present we begin to feel impatient, and to 
wish for a new state of chemical elements. For a time the 
desire was to add to the metals, now we wish to diminish their 
number. . . . To decompose the metals, then, to re-form them, 
to change them from one to another, and to realise the once 
absurd notion of transmutation, are the problems now given to 
the chemist for solution.” 

Mr. Herbert Spencer, in his hypothesis of the constitution of 
matter, says : ‘‘ All material substances are divisible into so-called 
elementary substances composed of molecular particles of the 
same nature as themselves; but these molecular particles are 
complicated structures consisting of congregations of truly ele- 
mentary atoms, identical in nature and differing only in position, 
arrangement, motion, &c., and the molecules or chemical atoms 
are produced from the true or physical atoms by processes of 
evolution under conditions which chemistry has not yet been 
able to 5 samo 7 

Mr. Norman Lockyer has shown, I think on good evidence, 
that in the heavenly bodies of the highest temperature a large 
number of our reputed elements are dissociated, or, as it would 
perhaps be better to say, have never been formed. Mr. Lockyer 
holds that ‘‘the temperature of the sun and the electric are is 
high enough to dissociate some of the so-called chemical ele- 
ments, and give us a glimpse of the spectra of their bases” ; and 
he likewise says that ‘a terrestrial element is an exceedingly 
complicated thing that is broken up into simpler things at the 
temperature of the sun, and some of these things exist in some 
sun-spots, while other constituents exist in others.” 

The late Sir. Benjamin Brodie, in a lecture on ‘“ Ideal 
Chemistry” delivered before the Chemical Society in 1867, goes 
even further than this. He says :—‘‘ We may conceive that, in 
remote time or in remote space, there did exist formerly, or 
possibly do exist now, certain simpler forms of matter than we 
find on the surface of our globe—a, x, &, v, and so on. 

We may consider that in remote ages the temperature of matter 
was much higher than it is now, and that these other things 
existed then in the state of perfect gases—separate existe 
uncombined. . We may then conceive that the temperature 
began to fall, and these things to combine with one another and to 
enter into new forms of existence, appropriate to the circum- 
stances in which they were placed. We may further con- 
sider that, as the temperature went on falling, certain forms of 
matter became more permanent and more stable, to the exclusion 
of other forms. We may conceive of this process of the 
lowering of the temperature going on, so that these substances, 
when once formed, could never be decomposed—in fact, that the 
resolution of these bodies into their component elements could 
never occur again. You would then have something of our 
present system “of things. 

‘* Now this is not purely an imagination, for when we look 
upon the surface of our globe we have actual evidence of similar 
changes in Nature. When we look at some of the facts 
which have been revealed to us by the extraordinary analyses 
which have been made of the matter of distant worlds and 
nebulz, by means of the spectroscope, it does not seem incredi- 
ble to me that there may even be evidence, some day, of the 
independent existence of such things as x and ».” 

In his Burnett Lectures ‘‘On Light as a Means of Investiga- 


me—‘* To discover 


| not daunted, 





tion,” Prof. Stokes, speaking of a line in the spectrum of th 
nebulz, says :—‘‘ It may possibly indicate some form of matte; 
more elementary than any we know on earth. There seems 
@ priort improbability in such a supposition so great as to lead x: 
at once to reject it. Chemists have long speculated on the go. 
called elements, or many of them, being merely very stab] 

compounds of elements of a higher order, or even perhaps of 

single kind of matter.” 

In 1868 Graham wrote of Sir W. Thomson’s vortex-riny 
theory as enlivening ‘‘ matter into an individual existence an 
constituting it a distinct substance or element.” 

From these passages, which might easily be multiplied, 
plainly appears that the notion—not necessarily of the deco 
posability, but at any rate of the complexity, of our sup 
elements—is, so to speak, in the air of science, waiting t 
a further and more definite development. It is important to 
before men’s minds the idea the genesis of the elements ; this 
gives some form to our conceptions, and accustoms the mind t 
look for some physical production of atoms. It is still more 
portant, tov, to keep in view the great probability that ¢ 
exist in Nature laboratories where atoms are formed, and labora 
tories where atoms cease to be. Weare on the track and ar 
and fain would we enter the mysterious regio; 
which ignorance tickets ‘‘ Unknown.” It is for us to strive t 
unravel the secret composition even of the so-called elements— 
to undauntedly persevere—and ‘still bear up right onward.” 


In 
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If we adopt the easy-going 
whether self-existent or created, 
distinct ; that they existed as we 
origin of stars and their attendant planets, constituting, in fact, 
the primal ‘‘fire-mist,” we are little, if any, the wiser, 
We look at their number and at their distinctive properties, 
and we ask, Are all these points accidental or determinate? 
In other words, might there as well have been only 
or 709, or 7000 absolutely distinct elements as the 70 (in 
round numbers) which we now commonly recognise? The 
number of the elements does not, indeed, commend itself to ou 
reason from any @ friori or extraneous considerations. Might 
their properties have conceivably differed from those which w 
actually observe? Are they formed by a ‘‘ fortuitous concatena- 
tion,” or do they constitute together a definite whole, in whic! 
each has its proper pert to play, and from which none could b 
extruded without leaving a recognisable deficiency ? 

If their peculiarities were accidental, it would scarcely bz 
possible for the elements to display those mutual relations which 
we find brought into such prominent light and order in the 
periodic classification of Newlands, Mendeléeff, and Meyer. 
Has not the relation between the atomic weights of the three 
halogens, chlorine, bromine, and iodine, and their serially vary- 
ing properties, physical and chemical, been worn nearly thread- 
bare? And the same with the calcium and the sulphur groups? 
Surely the probability of such relations existing among som 
seventy bodies which had come into fortuitous existence wot 
prove to be vanishingly small ! 

We ask whether these elements may not have been evolved 
from some few forms of r possibly fr only 
one such—just as it is now held that all the innumerable vari 
tions of plants and animals have been developed from fewe I 
and earlier forms of organic life? As Dr. Gladstone well py 
it, they ‘have been built up from one another, according t 
some general plan.” This bui Iding up, or evolution, is a bove 
all things not fortuitous : the variation and development which 
we recognise in the universe run along certain fixed lines which 
have been preconceived and foreordained. To the careless and 
hasty eye, design and evolution seem antagonistic ; the more 

careful inquirer sees that evolution, steadily proceeding along an 
ascending scale of excelience, is the strongest argument in favour 
of a preconceived plan. 

The array of the elements cannot fail to remind of th 
general aspect of the organic world. In both cases we see 
certain groups well filled up, even crowded with forms having 
among themselves but little specific difference. On the other 
hand, in both, other forms stand widely isolated. Both display 
species that are common and species that are rare; both have 
groups widely distributed—it might be said cosmopolitan, and 
other groups ‘of very restricted occurrence. Among animals | 
may mention as instances the Monotremata of Australia and 
New Guinea, and am ong the elements the metals of the so-c all 
rare earths. 
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Now as these facts in the distribution of organic forms are 
yenerally considered by biological experts to rank a nong the 
weightiest evidences in favour of. the origin of species by a 
yrocess of evolution, it seems natural, in this case as in the 
her, to view existing elements not as primordial but as the 
cradual outcome of a process of development, possibly even of a 
“struggle for existence.” Bodies not in harmony with the 
present general conditions have disappeared or perhaps have 
never existed. Others—the asteroids among the elements— 
have come into being and have survived, but only on a limited 
scale; whilst a third class are abundant because surrounding 
conditions have been favourable to their formation and pre- 


t 
ot 


servation. 

The analogy here suggested between elements and organ- 
isms is, indeed, not the closest, and must not be pushed too 
far. From the nature of the case there cannot occur in the 
elements a difference corresponding to the difference between 
living and fossil organic forms. The ‘‘ great stone book” can 
tell us nothing of extinct elements. Nor would I for a moment 
suggest that any one of our present elements, however rare, is 
like arare animal or plant in process of extinction ; that any new 
element is in the course of formation, or that the properties of ex- 
isting elements are gradually undergoing modification. All such 
changes must have been confined to that period so remote as 
not to be grasped by the imagination, when our earth, or rather 
the matter of which it consists, was in a state very different from 
its present condition. The epoch of elemental development is 
decidedly over, and I may observe that in the opinion of not a 
few biologists the epoch of organic development is verging upon 
its close. 

Making, however, every allowance for these distinctions, if 
evolution be a cosmic law, manifest in heavenly bodies, in 
organic individuals, and in organic species, we shall in all 
probability recognise it, though under especial aspects, ia 
those elements of which stars and organisms are in the last 
resort composed. 

Is there then, in the first place, any direct evidence of the 
transmutation of any supposed ‘‘element” of our existing list 
into another, or of its resolution into anything simpler ? 

To this question I am obliged to reply in the negative. 

I doubt whether any chemist here present could suggest a 
process which would hold out a reasonable prospect of dissociat- 
ing any of our accepted simple bodies. The highest tempera- 
tures and the most powerful electric currents at our disposal 
have been tried, and tried in vain. At one time there seemed a 
possibility at least that the interesting researches of Prof. Victor 
Meyer might show the two higher members of the halogen 
group, bromine and iodine, as entering upon the path of dis- 
sociation. These hopes have not been fulfilled. It may be 
said, in the general opinion of the most eminent and judicious 
chemists, that none of the phenomena thus elicited prove that 
even an approach has been made to the object in view. 

Even if we leave our artificial laboratories and seek an escape 
from the difficulty by observing the processes of the great 
laboratories of Nature, we feel no sufficiently firm ground. 

We find ourselves thus driven to indirect evidence—to that 
which we may glean from the mutual relations of the elementary 
bodies. Such evidence of great value is by no means lacking, 
and to this I now beg to direct attention. First, we may 
consider the conclusion arrived at by Herschel, and pursued by 
Clerk-Maxwell, that atoms bear the impress of manufactured 
articles. Let us look a little more closely at this view. A 
manufactured article may well be supposed to involve a manu- 
facturer, But it does something more : it implies certainly a raw 
material, and probably, though not certainly, the existence of 
by-products, residues, paraleipomena. What or where is here 
the raw material? Can we detect any form of matter which 
bears to the chemical elements a relation like that of a raw 
material to the finished product, like that, say, of coal-tar to 
alizarin? Or can we recognise any elementary bodies which 
seem like waste or refuse? Or are all the elements, according 
to the common view, co-equals? To these questions no direct 
answer is as yet forthcoming. ; 


And this lea ts us up to an hypothesis which, if capable of full 
demonstratioa, wld show us that the accepted elements are 
hot co-equal, bat have been formed by a process of expansion or 
nore I refer to the well-known hypothesis of Prout, which 
cnn) ine atomic weights of the elements as multiples, by a 
Series of whole numbers, of unity = the atomic weight of 
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hydrogen. Every one is aware that the recent more accurate 
determinations of the atomic weights of different elements do 
not by any means bring them into close harmony with the values 
which Prout’s law would require. Still, in no small number of 
cases the actual atomic weights approach so closely to those 
which the hypothesis demands, that we can scarcely regard the 
coincidence as accidental. Accordingly, not a few chemists of 
admitted eminence consider that we have here un expression of 
the truth, masked by some residual or collateral phenomena 
which we have not yet succeeded in eliminating. 

The original calculations on which the most accurate numbers 
for the atomic weights are founded, have recently been re- 
calculated by Mr. F. W. Clarke. In his concluding remarks, 
speaking of Prout’s law, Mr. Clarke says that ‘‘none of the 
seeming exceptions are inexplicable. In short, admitting half- 
multiples as legitimate, it is more probable that the few ap- 
parent exceptions are due to undetected constant errors than 
that the great number of close agreements should be merely 
accidental. I began this re-calculation of the atomic weights 
with a strong prejudice against Prout’s hypothesis, but the facts 
as they came before me have forced me to give it a very respect- 
ful consideration.”’ 

But if the evidence in favour of Prout’s hypothesis in its 
original guise is deemed insufficient, may not Mr. Clarke’s sug- 
gestion of half-multiples place it upon an entirely new basis? 


| Suppose that the unit of the scale, the body whose atomic weight 
¢ > 


if multiplied by a series of whole numbers gives the atowic 
weights of the remaining elements, is not hydrogen, but some 
element of still lower atomic weight? We are here at once 
reminded of helium—an element purely hypothetical as far as 
our earth is concerned, but supposed by many authorities, on the 
faith of spectroscopic observations, to exist in the sun and in other 
stellar bodies. Most solar eruptions present merely the charac- 
teristic lines of hydrogen, C, F, and H, and along with them 
one particular line which at first was classed in the sodium 
group, but which is a little more refrangible, and is designated 
by the symbol D,. According to Mr. Norman Lockyer and the 
late Father Secchi, this ray undergoes modifications not compar- 
able to those affecting other rays of the chromosphere. In the 
corresponding region of the spectrum no dark ray has been 
observed. That the accompanying lines, C, F, and H, p i 
to hydrogen is evident ; and as D, has never been obt 
any other spectrum it is supposed to belong to a body foreign to 
our earth, though existing in abundance in the chromosphere 
of the sun. To this hypothetical body the name helium is 
assigned. 

In an able memoir on this subject read before the Academy of 
Brussels, the Abbé E. Spée shows that, if helium exists, it 
enjoys two very remarkable properties. Its spectrum consists of 


| a single ray, and its vapour possesses no absorbent power. The 


simple single ray, though I believe unexampled, is by no means 
an impossible phenomenon, and indicates a remarkable simplicity 
of molecular constitution. The non-absorbent property of its 
vapour seems to be aserious objection to a general physical law. 
Prof. Tyndall has demonstrated that the absorptive power in- 
creases with the complexity of molecular structure, and hence he 
draws the conclusion that the simpler the molecule the feebler 
the absorption. This conclusion the Abbe Spee regards as 
perfectly legitimate ; but it neither explains nor even necessitate; 
the absence of a// absorptive power. 

Granting that helium exists, all analogy points to its atomic 
weight being below that of hydrogen. Here, then, we may have 
the very element with atomic weight half that of hydrogen, re- 
quired by Mr. Clarke as the basis of Prout’s law. 


But a more important piece of evidence for the compound 
nature of the chemical elements has yet to be considered. Many 
chemists must have been struck with certain peculiarities in the 
occurrence of the elements in the earth’s crust ; it is a stale 
remark that we do not find them evenly distributed throughout 
the globe. Nor are they associated in accordance with their 
specific gravities; the lighter elements placed on or near the 
surface, and the heavier ones following serially de and 
deeper. Neither can we trace any distinct relation between local 
climate and mineral distribution. And by no means can we say 
that elements are always or chiefly associated in Nature in the 
order of their so-called chemical affinities ; those which have a 
strong tendency to form with each other definite chemical com- 
binations being found together, whilst those which have little or 
no such tendency exist apart. We certainly find calcium as 





carbonate and sulphate, sodium as chloride, silver and lead as 
sulphides ; 
little affini 
mixture ¢ 
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but why do we find certain groups of elements with 
for each other yet existing in juxtaposition or com- 


The members of some of these groups are far from 


plentiful, not generally or wide ly diffused, and certainly they are 


not easy to separate. 


4 


As instance ng we may mention :— 

(1) Nickel and which it may be said that had their 
inds been colourless, they would have been long regarded 
t yet would have been 


possibiy even 
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absolutely free from nickel, and vice versd. We have als 
two platinum groups, where very similar features prevail 


A weighty argument in favour of the compound nature of 
elements is that drawn from a consideration of the comp 
radicals, or, as they might be called, pseudo-elements. TI 
similarity with the accepted elements is perfectly familiar to 
If, for example, we suppose that in some age or 
: vere cognisant of the exist 
but had not 
ents, nothing, surely, would prey 


chemists. 
some country men of s 
and of the behaviour of 
resolving it into its const 
their viewing it as an element, and assigning it a place 
halogens. It may fairly be held that if a body which we 
to be compound can be found playing the part of an el 
this fact lends a cert plausibility to the supposition tl 
rhis line of tl 
or at least one closely approximating to it, was worked 
Dr. Carnelley in a paper read before this Association at 
meeting. From a comparison of 
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But in course of time some process akin to cooling, probably But with atomic matter the varioy Int 
internal, reduces the temperature of the cosmic froty/e to a point | forms of energy which require matter to render them eviden gave @ 
at which the first step in granulation takes place ; matter as we | begin to act ; and, amongst others, that form of energy which dium, | 
know it comes into existence, and atoms are formed. has for one of its factors what we now call atomic weight, Le operat 
as an us assume that the elementary frofy/e contains within itselj 
potenti the potentiality of every possible combining proportion or 
gravitation or chemically) and kinetic (from its internal motions). atomic weight. Let it be granted that the whole of our known 
To obtain this energy, the neighbouring /roty/e must be re- | elements were not at this epoch simultaneously created. The 
frigerated by it,' and thereby the subse juent formation of other | easiest formed element, the one most nearly allied to the proj 





atoms will be accelerated. 


As soon 
atom is formed out of froty/e it is a store of energy, 
(from its tendency to coalesce with other atoms by 
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in simplicity, is first born. Hydrogen —or shall we say | this period we may suppose that the evolutionary process whi 
helium ?—of all the known elemen‘s the one of simplest struc- | soon was to determine the birth of a new element, would 
ture and lowest atomic weight, is the first to come into being. | determine its atomic weight, its affinities, and its 
For some tin.e hydrogen would be the only form of matter (as | position. 
we now know it) in existence, an! between hydrogen and the 
next formed element there would be a considerable gap in time, 
during the Istter part of which the element next in oréer ot 


chemic 


In the original genesis, the longer the time occupied in that 
portion of the cooling down during which the hardening o! the 
protyle into atoms took place the more sharply defined wou | 
simplicity could be slowly approa:hing its birth-point: pending | be tne resulting elements ; and, on the other hand, with more 

, , , Sea : irregulcrity in the original cooling we should have a nearer 

I am ind bted to my friend, G. Johnstone Stoney, F.R.°., for the idea 

here put f 


. } 
- ; rer be approac . ate > elemental fa y such as we know 
rd, as well as for other valu vble suggestions and c-iticisms on ot proach to the state of the elemental family - 


so.ne of the t' e retical questions here trea*ed o | it at present 
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In this way it is conceivable that the succesion of events which 
rave us such groups as platinum, osmium, and iridium—palla- 
dium, ruthenium, and rhodium—iron, nickel, and cobalt, if the 
operation of genesis had been greatly more prolonged, would 
have resulted in the birth of only one element of these groups. 
It is also probable that, by a much more rapid rate of cooling, 
elements would originate even more closely related than are 
nickel and cobalt, and thus we should have formed the nearly 
allied elements of the cerium, yttrium, and similar groups; in 
fact, the minerals of the class of samarskite and gadolinite may 
be regarded as the cosmical lumber-room where the elements in 
astate of arrested development—the unconnected missing links 
of inorganic Darwinism—are finally aggregated. 


| have said that the original Avoty/e contained within itself the 
potentiality of all possible atomic weights. It may well be 
questioned whether there is an absolute uniformity in the mass of 
every ultimate atom of the same chemical element. Probably 
our atomic weights merely represent a mean value around 
which the actual atomic weights of the atoms vary within certain 
narrow limits. 

Each well-defined element represents a platform of stability 
connected by ladders of unstable bodies. In the first accreting 


together of the primitive stuff the smallest atoms would form, 
then these would join together to form larger groups, the gulf 
across from one stage to another would be gradually bridged over, 
and the stable element appropriate to that stage would absorb, 
as it were, the unstable rungs of the ladder which led up to it. 
I conceive, therefore, that when we say the atomic weight of, for 
instance, calcium is 40, we really express the fact that, while the 
majority of calcium atoms have an actual atomic weight of 40, 
there are not a few which are represented by 39 or 41, a less 
number by 38 or 42, and so on. We are here reminded of 
Newton’s ‘‘ old worn particles.” 

Is it not possible, or even feasible, that these heavier and lighter 
atoms may have been in some cases subsequently sorted out bya 
process resembling chemical fractionation? This sorting out 
may have taken place in part while atomic matter was condens- 
ing from the primal state of intense ignition, but also it may have 
been partly effected in geological ages by successive solutions and 
re-precipitations of the various earths. 

This may seem an audacious speculation, but I do not think it 
is beyond the power of chemistry to test its feasibility. An in- 
vestigation on which I have been occupied for several years has 
yielded results which to me appear apposite to the question, and 
I therefore beg permission here to allude briefly to some of the 
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results, reserving details for a subsequent communication to the 
Section. 

My work has been with the earths present in samarskite and 
gadolinite, separating them by systematic fractionation. Chemical 
fractionation, on which I hope to say more on another occasion, 
8 very similar to the formation of a spectrum with a wide slit 
and a succession of shallow prisms. The centre portion remains 
unchanged for a long time, and the only approach to purity at 
irst is at the two ends, while a considerable series of operations 
is needed to produce an appreciable change in the centre. The 
groups of didymium and yttrium earths are those which have 
chiefly occupied my attention. On comparing these rare earths 
we are at once struck with the close mutual similarity, verging 
almost into identity, of the members of the same group. 

. The phosphorescent spectra of these earths when their an- 
hydrous sulphates are submitted to the induction discharge in 
‘aco are extremely complicated, and change in their details in 
a puzzling manner. For many years I have been persistently 
sroping on in almost hopeless endeavour to get a clue to the 
meaning I felt convinced was locked up in these systems of 
bands and lines. It was impossible to divest myself of the 
conviction that I was looking at a series of autograph inscriptions 
tom the molecular world, evidently of intense interest, but 


written in a strange and baffling tongue. All 
decipher the mysterious signs were, 
fruitless. I required a Rosetta stone. 

Down to a date comparatively recent nothing was more firmly 
fixed in my mind than the notion that yttria was the oxide of a 
simple body, and that its phosphorescent spectrum gave a definite 
system of coloured bands, such as you see in the drawing before 
you (Fig. 2). Broadly speaking, there is a deep red band, a red 
band, a very luminous citron-coloured band, a pair of greenish- 
blue bands, and a blue band. It is true these bands varied 
slightly in relative intensities and in sharpness with almost every 
sample of yttria I examined ; but the general character of the 
spectrum remained unchanged, and I had got into the way of 
looking upon this spectrum as characteristic of yttria: all the 
bands being visible when the earth was present in quantity, 
whilst only the strongest band of all—the citron band—was 
visible when traces, such as millionths, were present. 3ut that 
the whole system of bands spelled yttria and nothing but yttria I 
was firmly convinced. 

During the later fractionations of the yttria earths, and the 
continued observations of their spectra, certain suspicions which 
had troubled me for some time assumed consistent form. The 
bands which hitherto I had thought belonged to yttria began to 
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however, for a long time, 





NATURE 


, and continued fractionation 
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>in correspondence, kin 
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aria, It is identical almost to its 

trum of Ya, with this not unim- 

citron band is as prominent as any other 

of samaria with the greenish blue 
yttria bands added to it. 


imaria 
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ther 


pectrum my Rosetta stone. It threw 
obscurities and contradictions I had 

» that a much wider law than 

king upon was the true law governing 
» obscure phenomena. For what does the 
It proves that what I had hitherto 
the chief bands in the yttria spectrum—the 

1 be entirely removed, whilst another character- 
rreen of yttria—could also be separated 
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doubl 


It would exceed 1 


} 
emical 


gitimate limits were I to enter into details 
und physical reasons which led me to 

To settle one single point more than 
2000 fractionations have been performed. 

Che me r of the strongly marked symbolic lines had first 
to be ascertained. For a long time I had to be content with 
roughly translating one group of coloured symbols as * yttrium ” 

t ‘samarium,” disregarding the fainter lines, 

. wings frequently common to both. Constant 
practice in the decipherment has now given me fuller insight 
into what I may call the grammar of these hieroglyphic inscrip- 
line and shadow of a line, each faint wing 
uttached to a strong band, and every variation in intensity of 
vs and wings among themselves, now has a definite 


respecting cl 
these definite 


CONCIUSIONS. 


Up as 
I 


hadov 


tions, very 


meaning which can be translated into the common symbolism of 

chemistry : 
In a 

separated in che 

state of comparative purity by simple chemical 


containing the rarer earths, those most widely 
mical properties are most easily obtained in a 


means, For 
in separating didymium from lanthanum, or samarium 
few simple chemical reactions and a little 
waste will give these bodies in a state of purity ; but when it 
comes to splitting up yttrium into its components ordinary 
chemical separation is useless, and fractionation must be pushed 
to the utmost limit, many thousand operations and enormous 


material being necessary to effect even a_ partial 


ninera 


instance, 
from yttrium, a 


waste ol 
separation. 

Returning therefore, after this explanatory digression, to the 
idea of heavy and light atoms, we see how well this hypothesis 
accords with the new facts here brought to light. From every 
point of view the stable molecular group, yttrium, 
behaves as an element. Excessive and systematic fractionation 
has acted the part of a chemical ‘‘ sorting Demon,” distributing 
the atoms of ytrrium into several groups, with certainly different 
phosphorescent spectra, and presumably different atomic weights, 
though all these groups behave alike from the usual chemical 
point of view. Here, then, is one of the elements the spectrum 
of which does not emanate equally from all its atoms, but some 
atoms furnish some, other atoms others, of the lines and bands 
of the compound spectrum of the element. And as this is the 
case with one element, it is probably so in a greater or less degree 
with all. Hence the atoms of this element differ probably in 
weight, certainly in the internal motions they undergo. 

Another important inference which may be drawn from the 
facts is, that the atoms of which yttrium consists, though differ- 
ing, do not differ continuously, but fer saléum. We have 
evidence of this in the fact that the spectroscopic bands charac- 
each group are distinct from those of the other groups, 
and do not pass gradually into them. We must accordingly 
expect, in the present state of science, that this is probably the 
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case with the other el And the atoms of a cl 
element being known to differ in one respect may differ in 
respects, and presumably do somewhat differ in mass. 
Restricted by limited time and means, even a partial sep 
tion of these — groupin is p ble to me only — 
enormous difficulty that Natu 
such a se facts, I tl 


ement 


\ evi lence 
effected paration ? > following 
supply this evidence. 

‘I he earth \ 
These minerals are of 
occur in localities 
pure yttria (ze in respect to 
these different behave 
test? To the chemist hithert 
sane thing, and has possessed the 
ane ing, ¢ nas } : tne ‘ 
source ; but armed with this new power of seeing into th 


make up yttrium, we find eviden 


tria occurs in several minerals, all extremely 1 
chemical composition, , 
graphically. 
known el 
differently to the radi 
the earth yttria hi 
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very divers¢ 
widely separ 
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sources 


groupings which go to 
differentiation between one yttrium and another. 

Thus when the samarskite yttrium was formed, all tl 
stituent atoms—deep red, red, orange, citron, greenish bl 
blue !—condensed together in fair proportion, the deep re 
faintest. In gadolinite yttrium the citron and greeni 
constituents are plentiful, the red is very deficient, the o1 
absent, and the others occur in moderate quantities, In t 
yttrium from xenotime the citron is most plentiful, the , 
blue occurs in smaller proportion, the red is all but absent, 
the orange is quite absent. Yttrium from monazite contains 
greenish blue and citron, with a fair proportion of the ot! 
constituents ; the greenish blue is plentiful, and the red is go 
Yttrium from fluocerite is very similar to that from monazite 
the blue is weaker. Yttrium from hielmite is very rich in ci 
has a fair quantity of blue and greenish blue, less 
orange, and only a very faint trace of deep red. 
euxenite is almost identical with that from hielmite. 

This is unlikely to be an isolated case. The principle is ver 
probably of general application to all the elements. In some, 
possibly in all elements, the whole spectrum does not e1 
from all its atoms, but different spectral rays may com 
different atoms, and in the spectrum as we see it all thes« 
spectra are present together. This being interpreted means 
there are definite differences in the internal motions which 
in the several groups of which the atoms of a chemical ele: 
consist. For example, we must now be prepared for some su 
events as that the seven series of bands in the absorption-spec 
trum of iodine may prove not all to emanate from every mole 
but that some of these molecules emit some of these series, « 
others, and in the jumble of all these kinds of molec 
which is given the name ‘‘iodine vapour,’ the whole 
series are contributors. 


To me it appears the theory I have here ventured to formul 
taken in conjunction with the diagram in Fig. 1, may ai 
scientific imagination to proceed a step or two further 
order of elemental evolution. In the undulating curve 
seen the action of two forces, one acting in the direction 
vertical line, and the other pulsating backwards and for 
like a pendulum. Assume the vertical line to represent te 
ture slowly sinking through an unknown number of d 
from the dissociation point of the first-formed element down 
the dissociation point of those last shown on the scale. But 
what form of energy is represented by the oscillating line? 
Swinging to and fro like a mighty pendulum to points e 
distant from a neutral centre ; the divergence from neutra 
conferring atomicity of one, two, three, and four degrees as the 
distance from the centre is one, two, three, or four divisions; 
and the approach to, or retreat from, the neutral line deciding 
the electro-negative or electro-positive character of the element 
—all on the retreating half of the swing being positive and all 
on the approaching half negative—this oscillating force must be 
intimately connected with the imponderable matter, essen 
source of energy we call electricity. 

Let us examine this a little more closely. Let us start al 
moment when the first element came into existence. Before | 
time matter, as we know it, was not. It is equally impossibic 
to conceive of matter without energy, as of energy without 
matter ; from one point of view the two are convertible terms 
Before the birth of atoms all those forms of energy wich 
become evident when matter acts upon matter, could not 
existed—they were locked up in the frofy/e as latent potent! 


grees, 


ive 


t For brevity I call them by their domiiant spectrum banc. 
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J 
aly y, Coincident with the creation of atoms all those attributes 
| properties which form the means of discriminating one 
‘hemical element from another start into existence fully endowed 
with energy: re ; 
The pendulum begins its swing “9 the electro- positive si le ; 
ithium, next to hy« lrogen in simplicity of atomic weight, is now 
for me then claciaasn, boron, and pe Pi Definite quantities 
{electricity are bestowed on each element at the moment of 
pirth, on these quantit ies its atomicity depends, and the types 
f monatomic, diet ymic, triatomic, = tetratomic elements are 
The electro-negative part of the swing now commences ; 
trogen appears, an¢ + notice how curi ously position governs aed 
ean dominant atomicity. Nitrogen occupies the p sition belo 
a triatomic elem« nt, therefore nitrogen is triatomic But 
trogen also follows carbon, a tetratomic boay, and o saheitied 
fifth position counting from the place of origin ; how beaut 
ily these Op} osing tendencies are. harmonise l by the endow- 
nt of nitrogen with least a double atomicity, and making 
atom ¢ apable of acting as tri- and i With oxygen 
- and hexatomic) and fluorine (m n- ar 1 heptatomic) the 
holds, and one half-oscillation of the pendulum is compl 
the electro-positive element 
aluminium (tri- 


re 


rain passing the neutt il line 
sodium (monatomic), magnesium (diatomic), 
mic), and silicon (tetratomic) are successively formed, 
the first complete oscillation of the pendulum is finished by 
rth of the electro-negative elemer 


lorine ; these three —like the corresponding elements 


an 


phosphorus, 


( nici ; ; deaiien on position. 
Let us pause at the end of the first complete vibra 
examine the result. We have already formed the 
water, ammonia, carbonic acid, the atmosphere, 
animal life, phosphorus for the brain, salt for the sea, clay forth 
solid earth, two alkalies, an alkaline earth, an sete together wi 
ir carbonates, borates, nitrates, fluorides, chlorides, sulpha 
hosphates, and silicates, sufficient for a world ond inha 
jot so very different from what we enjoy at the prese ) 
True the human inhabitants would have to live in astate of more 
n Arcadian simplicity, and the absence of calcic phospha 
would be awkward as far as bone is concerned. But what 
py world it would be! No silver or gold coinage, no iron 
machinery, no platinum for chemists, no copper wire for 
graphy, no zinc for batteries, no mercury for pumps, and, 
! no rare earths to be separated. 
he pendulum does not, however, stop at the end of the first 
nplete vibration ; it crosses the neutral point, and now 
ces at work are in the same position as they were at the be- 
gimning. Had everything been as it was at first the next ele- 
nent again would have been lithium, and the original cycle 
vould have recurred, repeating for ever the same elements. 
t the conditions are not quite the same ; the form of energy 
resented by the vertical line has declined a little—the tem- 
perature has sunk—and not lithium, but the one next allied to it 
a the series comes into existence—potassium, which may be 
garded as the lineal descendant of lithium, with the same 
reditary tendencies, but with less molecular mobility and 
higher atomic weight. 
Pass we rapidly along the to-and-fro curve, and in nearly 
very case the same law is seen to hold good. The last element 
the first complete vibration is chlorine. In the corresponding 
ace in the second vibration we do not have an exact repetition 
‘hlorine, but the very similar body bromine ; and when for a 
time the position recurs we see iodine. I need not 
tiply examples. 
In this far-reaching evolutionary scheme it could not come to 
ss that the p tential elements would all be equal to one 
: a Some would be unable to resist the slightest disturb- 
ce of the unstable equilibrium in which they took their rise ; 
thers would endure * ger, but would ultimately break down 
’s temperature and pressure varied. Many degrees of stability 
“ Nature presents us with a single definite quantity of electricity 
foreach chemical bond which is ruptured within an electrolyte a 
fantity of electricity traverses the electrolyte, which is the same 
s."—G. JoHNSTONE SToNnEy, “On the Physical Units of 
h Association Meeting, 1874, Section A. Phil. Mag., May 188 
“The same definite quantity of either positi ve or negative ele 
oves always with each univalent ion, or with every unit of affir 
ult tivalent ion.” HELMHOLTZ, F araday Lecture, 188r. 

Every monad atom has associated with it a certain definite quantity of 
ectricity ; every dyad has twice this quantity associated with it; every 
three times as much, and so on.”—O. Loncr, ‘‘On Electrolys 

ritish Association Report, 
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swing 


*mism is 
due to the lowe 
molecular mobilit; 
that the chemism-forming energy, 
furnace, is itself dying out. 1 

lis gradual fading out by a diminuti 
ner traced from a photograph 
the arc of vibration of a body s 

When we look on a curve of 
ask, What is there above and 
At the lower end of our curve what is there to be? 
see a great hiatus between barium (1 iri 
which it seems likely will be filled uy 
ments. Judging from my own resear 


many of these earthy elements will 


eleme nts 


resisting m¢ 
1d there is a tend 


below that portion which is se 


more interperiodic groups, whils 
calcium, the potassium, the chlorir 
together with the elements between 
and mercury, indium and thallium, a1 ) 
still waiting to be discovered. We now come to an oasis in the 
Platinum, gold, mercury, thallium, lead, and 
form a ittle group by them- 
lesert spac is closed with 


Lesert space 


groups, 
1, cadmium 
bismuth, are 


desert of blanks. 
bismuth, all familiar friend 
selves, and then after another « 
thorium (233) and uranium (240). 

This oasis, and the blanks which precede and follow it, may 
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be referred with much probability to the particular way in which 
our earth developed into a member of our solar system. If this 
be so it may be that on our earth only these blanks occur, and 
uot generally throughout the universe. 

What comes after uranium? I should consider that there is 
little prospect of the existence of an element much lower than 
this. Look at the vertical line of temperature slowly sinking 
from the upper to the lower part of the curve ; the figures repre- 
senting the scale of atomic weights may be also supposed to 
represent, inversely, the scale of a gigantic pyrometer dipping 
into the cauldron where suns and worlds are in process of forma- 
tion. Our thermometer shows us that the heat has been sinking 
gradually, and, pari fassu, the elements formed have increased 
in density and atomic weight. This cannot go on for an in- 
definite extent. below ee uranium point the temperature may 
be so reduced that some of the earlier formed elements which 
have the strongest affinities are able enter into combination 
among themselves, and the result of the next fall in temperature 
will then be—instead of elements lower in the scale than uranium 
—the combination of oxygen with hydrogen, and the formation 
of those known compounds the dissociation of which is not beyond 
the powers of our terrestrial sources of heat. 

Let us now turn to the upper portion of the scheme. With 
hydrogen of atomic weight I, there is little room for other 
elements, save perhaps for hypothetical helium. But what if we 
get ‘through the looking-glass,” and cross the zero-line in search 
of new principles--what shall we find the other side of zero? 
Dr. Carnelley asks for an element of 


to 


negative atomic weight ; 
here is ample room and verge enough for a shadow series of such 
Helmholtz says that _Clectricity is probably 
as atomic as matter :! is electricity one of the negative elements, 
and the luminiferous ether another? Matter, as we now know 
it, does not here exist; the forms of energy which are apparent 
in the motions of matter are as yet only latent possibilities. A 
substance of negative weight is not inconceivable.*_ But can we 
form a clear conception of a body which combines with other 
bodies in proportions expressible by negative quantities ? 


unsubstantialities. 


A genesis of the elements such as is here sketched out would 
not be confined to our little solar system, but would probably 
follow the same general of events in every centre of 
energy now visible as a star. 

Betore the birth of atoms to gravitate towards one another, 
no pressure could be exercised ; but at the outskirts of the fire- 
mist sphere, within which all is fro¢y/e—at the shell on which 
the tremendous forces involved in the birth of a chemical element 
exert full sway—the fierce heat would be accompanied by gravi- 
tation sufficient to keep the n-wly-born elements from flying off 
As temperature increases expansion and molecular 
m dlecule to fly asunder, and their chemi- 
deadened ; but the enormous pressure of 
matter out-ide what I 

counteract this action 


sequence ¢ 


into space, 
motion increase, 
cal affinities become 
the gravitation of the 

may for brevity call the birth-shell would 
of heat. 

Beyond this birth-shell would be a space in which no chemical 
action could take place, owing he temperature there being 
above what is called the dissociation point for compounds, In 
this space the lion and the lamb would lie down together ; phos- 
phorus and oxygen would mix without union; hydrogen and 
chlorine would no tendency to closer bonds ; and even 
fluorine, that energetic which chemists have only isolated 
within the last month two, would float about and 
uncombined. 

Outside this space of free matter would 
shell, in which the formed chemical elements would have cooled 
down to the combination-point, and the sequence of events so 
graphically described by Mr. Mattieu Williams in ‘* The Fuel of 
the Sun” would now take place, culminating in the solid earth 
ind the ement of geological time. 


*s tend 
eC 
atomic 


mass of 


to 


show 
gas 
or free 


atomic be another 


coumenc 


And now I must draw to a close, having exhausted not indeed 
my subject, but the time I may reasonably occupy. We have 
glanced at the difficulty of defining an element ; we have noticed 


cept the hypothesis that the elementary substances are com- 

we cannot avoid concluding that electricity also, positive as 

is divided into definite elementary portions, whict h behave 

**- HELMMOLTZ, Faraday Lecture, 188 

that there are plenty of bodies = us not 

and therefore not subject to the law 
‘ Faraday’s Life and Letters,” vol. ii. 


. an we 
posed of at 
well as negative, 
like atoms of electricity. 
can easily conceive 
to this intermutual 
’—Sir GEORGE Airy, 
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ubject action, 
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too the revolt of many leading physicists and chemists agai: 
the ordinary acceptation of thet erm element. We have we; 
the improbability of their eternal self-existence, or their origin 
tion by chance. Asa remaining alternative we have suggeste) 
their origin by a ee of evolution like that of the haetve ly 
bodies according to Laplace, and the plants and animals of 9 
globe according to Lamarck, Darwin, and Wallace. In th 
general array of the elements, as known to us, we have 
seen a striking approximation to that of the organic world 
In lack of direct evidence of the decomposition of apn 
element, we have sought and found indirect evidence. ‘ 
have taken into consideration the light thrown on this 
ject by Prout’s law, and by the researches of Mr. Lockyer 
spectroscopy. We have reviewed the very importan 
evidence drawn from the distribution and collocation of t 
elements in the crust of our earth. We have studied | 
Carnelley’s weighty argument in favour of the compound na 
of the so-called elements from their analogy to the compound 
radicals. We have next glanced at the view of the genesis of 
the elements ; and, lastly, we have reviewed a scheme of their 
origin suggested by Prof. Reynolds’s method of illustrating the 
periodic classification. 

Summing up all the above considerations we cannot, indeed, 
venture to assert positively that our so-called elements have been 
evolved from one primordial matter ; but we may contend that 
the balance of evidence, I think, fairly weighs in favour of 
speculation. 

This, then, is the intricate question which I have striven to 
unfold before you, a question that I especially commend to th 
young generation of chemists, not only as the most interesting 
but the most profoundly important, in the entire compass of 01 
science. 

I say deliberately and advisedly the most interesting. 
doctrine of evolution, as you well know, has thrown a new li 
upon and given a new impetus to every department of biology, 
leading us, may we not hope, to anticipate a corres} ponding 
wakening light in the domain of chemistry ? 

I would ask investigators not necessarily either to accept or to 
reject the hypothesis of chemical evolution, but to treat it as a 
provisional hypothesis ; to keep it in view in their researches, 
to inquire how far it lends itself to the interpretation of the 
phenomena observed, and to test experimentally every line of 
thought which points in this direction. Of the difficulties of this 
investigation none can be more fully aware than myself. I sin 
cereiy hope that this my imperfect attempt may lead some minds 
to enter upon the study of this fundamental chemical 
and to examine closely and in detail what I, as if amidst th 
clouds and mists of a far distance, have striven to point out, 


solar 


question, 


NOTES 
A RevuTer’s telegram dated Grenada, August 
during the solar eclipse of that morning good photometric 
Prof. Thorpe. The light during th 
less than from the full W 
dated Grenada, August 31, that 
Asti 


was 


29, states tha 


obser 


vations were made by 


of moon. 


middle tetality was 
learn from lier telegrams 
eclipse of the sum has been well observed’ by the Britis! 
nomical Expedition, and that in the observations taken it 
noticed that the corona extended nearly two diameters from the 
and exhibited a feathery structure at the poles. 

spectrum 


sun, 
photographs have been obtained of the coronal 
The spectrum was similar to that of the e 
the Caroline Islands. 


blue end. 
1883, observed on 
THE celebrations connected with the Chevreul centenary took 
place in Paris on Tuesday last. The first demonstration was 
that of the National Society of Agriculture, to M. 
Chevreul was elected member forty-six years ago, and of whicl 
he is elected President every alternate year. A commemoration 
medal was struck by the same Society. At three 
M. Chevreul received the congratulations of the members of the 
Academy of Sciences. The principal ceremony of the day was 
the unveiling of the statue of M, Chevreul in the hall of the new 
Plantes. The walls of the room, 
were hung with red velvet, and 


which 


o'clock 


Museum at the Jardin des 


which are of vast dimensions, 
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decorated with Gobelins tapestry and flowers. 
reserved for _— Deputies, 
Corps, and other distinguished persons. M. Goblet, Minister 
of Public keen sat on M. Chevreul’s right, and M. 
Frémy, the Director of the Mu 
said that the professors of the 


Spaces were 


members of the a 


Floquet on his left. a 
addressing M. Chevreul, 


anticipating the future, had presented 


Museum, 
He 


to him this statue. 


- ~ : ‘ ‘ } 
then referred to the work of M. Chevreul in various branches of 


science, mainly in chemistry, and the results of his discoveries 
in industry. M. Zeller, President of the five Academies, M. 
Brock, representing the three Academies of Science of Scandi- 
Boscha, delegate of the Agricultural Society 
{f Moscow, and the Italian Ambassador, also offered their con- 
yratulations to the venerable The last 
the Minister of Public Instruction, who spoke, on 
State, of the many ties which connec 
chemist with the Ministry of Public 
which precedes our time,” said M. 
What gave it i's true 


navian countries, M. 
vant. speaker was 
behalf of the 
sted the great professor and 
Instruction. ‘‘The century 
Goblet, ‘‘ belonged above all 
racter was the recent rise 

idy of Nature the means 
f extending the domain of human seniek Amongst the various 
branches of science, that to which M. Chevreul devoted him- 
self—chemistry—is certainly one of the most fruitful, and one 
f those which owes mo-t to French genius. Thanks to great 
French chemists and to M. Chevreul, 
foremost rank of the nations which m 


) science. 
f scientific research, pursuing in th 


France marches in the 

— Sr." 
banquet was given in the evening at the Ho‘el de Ville. Several 
Ministers of State were present. The toast of M. Chevreul’s 
health was proposed by M. Floquet, and supported by the 
Minister of Public Instruction. The festival which followed 
was very brilliant, ending with a torchlight procession, in which 
two squadrons of cuirassiers and a considerable body of infantry 
with several bands took part. Various Societies, all the mem 
hers carrying Chinese lanterns, also joined the procession, which 
marched from the Hétel de Ville through the principal street 
and boulevards to the Place de la Republique. The streets 
through which the procession passed were thronged with « 
masses of spectators. 


odern science 


lense 


On the 28th ult. His Excellency Tcheou Meou-Ki, Director of 
> Chinese Mission of Public Instre 1 paid a visit, with the 
ndarins attached to his person, to M. Chevreul at his house. 

He handed 

pressing in old characters every wish for his happiness and long 

aat ther s moment in China a 

want who at the age of 100 years has just passed his 

\aminations and the highest 

explained to M. 

red the fact that two 

in France and 
ing the learning of the 

Mission had retired, M. 

inhabitants of the 


to the illwstrious chemist a document ex- 


It appears th e is living at thi 
L linese J 
admitted a member of 
The 
Chevreul that his Chinese visitors c 
rants a hundred years of age were 
other in China, was a link connect 
When the Chinese 


Chevreul received a deputation of 


been 
academy of the mandarins, preter 


ee . 
living, one 


two countries. 
tne Rue 


Chevreul, who presented him with a bouquet. 


THE last 
with 

appears 
1786, his 
noticeable 
and the 


number of Za Nature contains a_ biographical 
portraits, of M. Chevreul, 
Angers 


a physician 


sketch, several 
that he 
father 

that the 
mother 
t lad witnessed 


from which 
August 31, 
rgeon. It is 
of ninety-one, 
aged ninety-three. M. Chevreul as 
of the the conflict in La 
Vendée, and he saw the guillotine at work in Angers. The 
‘ld University of the town having been swept away by the Revo- 
_ he receive cation at the Central School 

( the place. He left this at the age of seventeen, and 
ured Paris, which was at that time peculiarly 
fortunate in possessing as teachers and professors eminent men 


was born at on 


being and su 


father reached the age 
died 


some scenes of 


d his early edu 


towards 





Fourcroy, the Professor of Ch2- 
engaged in 


branch of scie 
mistry at the College of France, w: 
higher education; and left the Chair largely to his 
demonstrator, Vauquelin, said that he was 
wholly a chemist, a chemist every day of his life, and during the 
whole of each day. Chevreul entered this teacher, and 
soon distinguished himself so much that he was allowed to take 
charge of the laboratory when twenty years of age. At the 
same time he taught at the College four years 
later he was appointed Demonstrator to the Museum, and at thirty 
was appointed special Professor of Chemistry in charge of the 
One of his 
coveries was that of margarine, oleine, and stearine 
fats. 
industry like that 
in fatty bodies, 


in ever nce. 
improving 
work of his 


of whom Dumas 


under 


Charlemagne ; 


dyeing ners ent at the Gobelins. earliest dis- 
in oils and 
The last of these furnishes stearic acid, and thus an important 
candles was founded. 


saponification (18 


His studies 
23) have not 
e horiz 


in stearic 


and his theory of 


only created new industries, but they opened immens ons 


Between 1828 and 1864 he studied 


time 


in organic chemistry. 


and published memoirs 
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time to 
his 
of Sciences, 
of the Museum of Natt 


colours, from on 


the progress of work. n his seat 


Academy 
pointed Director 


in the and in 18: le was ap- 
History. His 


life now is spent between this institution, the Gobelins, and the 

He 

Academy of 

very 

ig-rod, and another in 1853, in 
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France. fails to 
of the 
papers, memoirs, &c., is 
written in 1832, on the 
which he dissipated the mystery g 
M. Chevreul remained in Paris during 


Institute of never 1 the Monday 


meetings Sciences. e number of his 


great. hem is one 
table-turning and 


surroundinz 


similar manifestations. 
1870-71, 
was soon after this 
friend led to the 
France 


the siege of working steadily in his laboratory. It 


he wrote to a 
liants de 


an expression in a let 
title of ‘* Doyen 
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that 


tter 
honourable des étu 
ixed to 
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™ being th he p Sse 
large fortune, h 


which he 


institutions with 


*s his 
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is connected, and experiments with a 
is exceedingly 


it his 


juvenile lightness of touch. 


drinking nothing but water or be 


temperate, 
longevity is not due 
to this ; he owes it to 
ordere 


se 


a robust constitution and to a life wisely 
“Tes, 
nd beautiful sight presented by 
under 


1, ogi and laborious. concludes M. Tissan- 


dier, ‘a great a this centenarian, 
his shadow 

world, h 
re his ever-wakeful 


rays of eternal truth.” 


like an old shelters successive 


Deaf to the sounds of 


who, oak, 
e has chosen 


intelli- 


generations. this 
to work alone in his laboratory, wh 
gence is unceasingly attracted to the 1 


IN reply to a que 


the President of the Local Government 


estion fron Ritchie, 


Board, stated last week 


he Committee 
ject of M. 

prevention of hydro 
and had several long 
to the mem 


that considerable progress had been made by t 


appointed last session to inquire and report on the sul 
Pasteur’s researches with reference to th 
phobia. A sub-Committee visited Paris 
bers most 
The 
Committee examined a large number of the persons who had 
con- 


interviews with M. Pa-teur, who explained 
fully and unreservedly the whole details of his treatment. 
so far as this invest 


satisfied 


undergone treatment, and 
cerned, fully 
treatment had The 
a position to report the results of their Sinetigat yn to the Local 


igation is 
that M. 
y hope before long to be in 


the Committee were Pasteur’s 


been effective. 
Government Board, but before doing so they are anxious that 
ascertain that ex- 
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se detailed and demonstrated 


time should be allowed for the Committee to 


periments on animals conducted on behalf o Committe 


have yielded the same 
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asteur. 


the death of Dr. James Wakley, 


ulands Park, Long- 


WE regret to announce 
editor of the Lazcet, at his residence, He atl 
Chertsey, on August 30. He wag the youngest son 
late Thomas Wakley, founder of the Lancet, Member of 
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for He 


became a member of the Royal College of Surgeons of England 


Parliament Finsbury, and coroner for Middlesex. 
Doctor of Medicine at King’s College, 
l 1562 


vis father’s de 


in 1849 rradua 
Aberdeen 


editor of the ancet, 


ith in he became 


luties of which position he discharged 


ted 

At 
the d 
for nearly twenty-five years, continuing, in spite of much recent 


sufferin stive in his work up to last Easter. 


THI uth is of M, Laguerre, Professor 
of Mathematical Physics in the College of 


tinguished mathemati at the a 
“4 


is announced fron 
i r France, and a dis- 
h re of fifty-two. In his earlier 
years he w Ife wrote and published 

Pro 


in the ies numerous mathe 
matical pay 


1 
1 volume, 
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ON Friday, Aug ‘ an earthquake was 
felt all over t nt, al sf the st as Malta. At 
Alexandri ] n minutes after midnight ; its 

Athens a severe 
and 


In the 


> was greatest 


Islands. 
larly in the depart- 


Ionian 


were destroyed. th 
Marathoupolis were laid 
i in Arcadia are similarly 
of the destruction 


for the 


nce 
P ople. 

“dl. 
sssels with n 
news that < 


shock was felt 


to. s. From Zante come 
houses 10s have been destroyed. Th 
also in Zant tah laving escaped damage, although no 
loss of all 


Greece. nature of the weather prior 


the 


shocks were felt ove! 
and subsequent 1e shock are given by Reuter’s Correspondent 
ut Zante 
turl 


time past extraordinary atmospherical dis- 
ances essive heat i ums, and unusually high tides 
inces, e) ‘ “a 1 cal l lly hig l 

occurred, 


11 on Friday night, after a day 
Zante 


and undulating, earth- 


of heavy and threatening weather, the whole of was 


racked with a most v t, 1 teady 
quake lasting 15 conds. he centre of 
the 


ith-east of 


the earthquake, 


same _ correspondent says, the s miles 


Zante, ere 1 


the shock the weather 


was in a, 30 


smashed > telegraph cable. 


fter was threatening, indicating an 


und soon fearful burst 


the 


approaching storm, after a storm 
over Corfu. Patras and the whole of Ionian Islands 


suffered from the earthqual rhe position of the centre of 


said to indicate 

south of Zan the earth 
juake remained menacingly heavy, and it was expected that 
follow. At 
shock was felt at Naples. 


this shock is volcanic submarine 


agitation to th after 


other shocks would 11 o'clock the same night a 


\t Brindisi an upheaval movement 


of the earth, lasting two minutes, was felt, followed by an un- 


of about same duration. There were 


lulatory movement 


also two successive prolonged shocks at 


latory movements at Caserta. 


c Foggia, and two undu- 
At Taranto there were two very 
sharp shocks, one vertical, the other un lulatory, causing great 
alarm to the inhabitants, who passed the night in the fields for 
safety. however 


no loss of life nor any serious 
places visited by the 


) The 
Governor of Malta also telegraphs to the Colonial Office that a 
severe earthquake visited the island at 11 o’clock the previous 


here was 


damage at th seismic disturbance. 


night, causing much alarm, but no serious injury to buildings. 
No lives were lost.+ It appears that the correspondent in Alex- 
andria who states that the earthquake appeared to travel from 


west to east is correct. The wave was first felt at Malta abou 
11, a little later in Naples (very slight), and in various parts of 
Calabria, then about midnight in the Ionian Islands, then 


zreee, and at fifteen minutes past midnight in Alexandria 


th Wales has laid before Parl 


Government 


THE Premier of New Sou 


the proposals of hi for the celebration 
centenary of that Amongst others, t] 


South Wales Government 
British Association to their annual meeting 
~ 


lony in 1888. 
propose inviting the members 
for 
Sydney, and the Premier stated that he had alrea 
cated with the Association on the importance of 


stress was laid on the fact that the invitations 
to all British Universities, literary, scientific, ar 


WE have received parts I 

tions of the Seismological Society 

cusses the well-worn subject of earthquake fre 
His obj 


which are 
i the 


wholly new and original way. 


effect of the various cau 


juakes, and his conclusion is annua 


earthquake frequency, finds 
Jlanation in the annual periodicity of two well-known 
accumulations 


No other 
ed or named fulfils all 
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logical phenomena—namely, 
nental areas and bar i 


that 


ymetric gradients. 
can be imagit 
Shida descri in automatic current recorde 
lhe resolution of the International Electric 
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in 1884, that observations of -currents should be 
all countries was communicate arious Governmen 
it 


the nu r. Mr. Shida is Chief En 


und it 


»tless, we also 


Japan amongst g 
Telegr 


the subject up. ‘o this fact, dou 


Japanese devolved on | 
I owe 


paper, which is by gentleman, on earth-c 
describes briefly the work tha 
the past, what is being di 


been done in 
be do 


From an examination of the magnetic observations ma 


has 
ye, and what might 
Meteorological Department of Tokio it appears that th 
tion variations are not the effect of earth-currents, for, if 
so, then an increase of the western declination ought to 

to a decrease of earth-current flowing from north tosouth, 
The 1 


that both magnetic and earth-current variations are 1 


crease, as has been found byactual observation. 
the same cause or causes, and that the sun plays an im] 
The fa 


that there appear to betwo maxima an 1 two minima in th 


hich are observed. 


in producing the effects w 
tions tends to show that they are in part due to the a 
moon. The study of earth-currents, says Mr. Shida, | 
vanced fari passu with other branches of seismological 

he desires to establish a system of observation of the cu 

to devise and improve methods of observing. The 

of the 7ransactions contains an elaborate and exhaustiv | 
fills nearly 200 printed octavo pages), by Prof. Milne, on 
volcanoes of Japan. It represents the labour and coll 
about ten years, and is deserving of special detaix 


We are glad to observe, from a notice sent with the 


tn 


that the Japanese 7vansactions of the Society (2.¢. 


or translated into Japanese) have now reached 


volume. Taken all in all, this Society is by far th 
and thriving of all the learned Societies of the Far 
we have little doubt that it owes a great part of its \ 
the fact that Japanese men of science are pursuing 
inaugurated by Prof. Milne with the enterprise and 
their race. 

PRINCE PUTIATIN has presented to the Russian Archa olo: 
Society a stone slab which was recently found in the 
some excavations at the Bologne station on the St. I 
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and Moscow Railway, along with some stone weapons 
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A representation of the constellation of the Great 

as, although rudely, carefully drawn on the slab. It 

1ay be remembered that some years ago a similar slab was found 
“ Weimar. 
THE additions to the Zoological Society’s Gardens during the | 
ist week include a White-fronted Capuchin (Cebus albifrons) 

from Central America, presented by Mr. H. A. Blake ; a Missis- 
sippi Alligator Alligator mississippiensis) from Florida, pre- 
sented by Miss Janet D. White; a Common Gannet (Sw/a 
British, presented by Mr. F. E. Hatfield; two 
dominicensis), two Green 


sana), 
Dominican Kestrels ( 7?%nunceulu 
Bitterns (Bictorides virescens), fi 


Dr. A. Boon, F.R.C.S. ; a Raven (Corzus corax), British, pre- 


om West India, presented by 


ented by Mr. Robert Galland ; a Ring-tailed Coati (Masua 
Globose (Crax globicera), from Central 
a Clouded Iguana (Cyclura carinata), from Cuba, 


rufa), a Curassow 


America, 
leposited ; a Black-necked Swan (Cygnus nigricollis 2) from 
Leopard (Felis pardus), 


Chili, purchased; a been in the 


Gardens. 


OUR ASTRONOMICAL COLUMN 

NorEs ON VARIABLE STARS.—Mr. T. E. Espin, Observer to 
the Liverpool Astronomical Society, announces in the Society’s 
Circular, No. 6, that the star D.M. + 8°°3780, stated in Circular 
No. 2 (NATURE, vol. xxxiv. p. I10) to be probably variable, 
passed its maximum about June 4, at which time its magnitude 
was 6°8. Since this date it has diminished in brightness, and 
on August 20 it was only 82. The star would seem to be a 
long-period variable. Its place for 1885 is R.A. 18h. 32m. 51s., 
Decl. + 8° 43'°5. Mr. Espin also states that he has detected 
variation in the red star D.M. + 47°°3031, which passed a 
minimum about the end of April. On May 14 it was only 8-9, 
since which it has increased, and is now 7°7. This star also 
is along-period variable. Its place for 1885 is R.A. 20h. 5m. 58s., 
Decl. + 47° 28'"9. It precedes 32 Cygni by 5m. 57s., and is 9’ 
north of it. 

Circular No, 7 states that—(1) The observations of 10 
Sagittee on sixty nights since 1885 November 28 give: Period 
= $-32134d., Epoch of Max. 1886 July 17°56d. <A mini- 
mum occurs on 1886 September 1°6d., and a maximum on 1886 
September 5*5d. (2) The star D.M. + 17°°3940 was observed 
as 9'5 on April 26 last. From this date it increased, and on 
June 13 it was 8°3. Latterly it has diminished, and on August 
20 it was $8°7. Vogel gives the spectrum as IIIé,! Dunér as 
IIla.!! The star’s place for 1885 is R.A. I9h. 16m. 33s., 
Decl. + 17° 26'°4. 

WINNECKE’Ss CoMET.—From the Dun Echt Circular, No. 
124, we learn that this periodical comet has been found at Cape 
Town. It is described as circular, less than 1’ in diameter, as 
bright as a star of. the roth magnitude, and as having some 
central condensation but no tail. Its observed place was 
Greenwich M.T. Aug. 20, 5h. 47m. 54s., R.A. 13h. tom, 21°5s., 
Decl. 1° 8’ 17" S. The daily motion, according to Lamp’s 
ephemerides (Astronomische Nachrichten, No 2731) is about 
plus 3°3m. and 32’ south. 

THE OBSERVATORY OF YALE COLLEGE.—The report of the 
work done at this Observatory during the year ending June 1, 
1886, has recently been issued. The chief astronomical work 
is that done with the heliometer in charge of Dr. W. L. Elkin. 
With this instrument considerable progress has been made with 
the triangulation of the Pleiades, completing the series obtained 
in the previous year. All the stars have now been observed on 
from ten to twelve nights, and a total of over 1600 measures of 
listance and 700 of position-angle are available for discussion. 
The principal observing work accomplished by Dr. Elkin, has, 
however, been in connection with the scheme for determining 
the average parallax of the first-magnitude stars as a step 
towards the more comprehensive plan proposed by Gill and 
Elkin in concert. It is proposed at present to take the ten 
brightest stars in the northern hemisphere and observe them 
each from sixteen to twenty times at epochs of maximum paral- 
lactic displacement, using a favourably situated pair of com- 
parison stars—in some cases a double pair, or four stars. 
Arcturus, with its large proper motion, presents an object of 


Rk £ 2 


especial interest, and it has 

manner with six pairs of com; 

been successfully followe 

gressing satisfactorily, over 200 
made, and is rather more than half « 
extending until February 1887. 
interest the completion and publication 
researches. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 SEPTEMBER 5-11 
OR the reckoning of time the 
( - Fe ee EE a ORR ois HER 
Greenwich mean midnight, counting the hours 
is here employed.) 

At Greenwich on September 5 
55m. 34°8s. ; sets, 18h. 36m. ; 

Si 1 


1 Time at 


idereal 


civil day, commencing at 
on to 24, 


Sun rises, 5h. 21m, ; souths, rrh. 
decl. on meridian, 6° 45’ N.: 
17h. 35m. 

Moon (at First Quarter) rises, 13h. 38m. ; souths, 18h. 
sets, 22h. 41m. ; decl. on meridian, 4 


Sunset, 


IIm. ; 


Planet Rises Sout! et ecl.on meridian 
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m. 
Mercury ... 3 38 
Venus... s. 8 
aaa 44 
Jupiter... ... 46 
Saturn... ... 23 
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Occultations of Stars by the 


Sept. Mag 


64 
64 


Mercury at least distanc 


Variabl. 


Star R.A. 

m. 

U Cephei eee 
Algol 


¢ Geminorum 
5 Libre 
U Ophiuchi... 


te 


T Herculis 
U Sagittarii... 
R Scuti 

B Lyre... 

n Aquilz 


R Delphini ... 
T Aquarii 

S Pegasi wie BY 

M signifies maximum ; 


Meteor Shor 


nimum. 


Meteors have been observed at this season from the following 
radiants :—Near o Eridani, R.A. 55°, Decl. 6° S.; from Camelo- 
pardus, R.A. 60°, Decl. 60° N. ; from near yw Persei, R.A. 65°, 
Decl. 46° N.; from near w Tauri, R.A. 65°, Decl. 6° N.; and 
near a Pegasi, R.A. 345°, Decl. 13° N. 


SCIENTIFIC SERIALS 
Fournal de Physique, July.—Prof. Mascart, on magnetisa- 
tion. A study of the secondary effect produced by the reaction 
of the polar surfaces on the magnetising field. The author 
calculates also the influence of the earth’s magnetism in pro- 
ducing temporary alteration in the magnetisation of a needle 
during oscillation, an effect which he 


finds to have been often 
exaggerated, and not to ex¢ eed 1/1000 part of the whole mag- 
netisation.—P. Duhem, on the calorific capacity of dissociable 


gaseous combinations. Discussion and expansion of the formulz 
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of Willard Gibbs to explain the variations of specific heat of | 
such bodies as nitric oxide and acetic acid. The results confirm | 
the idea that such variations are due to the gradual dissociation | 
of polymeric forms.—G. Lippmann, an absolute spherical 
electrometer. Two hollow metal hemispheres, one fixed, the 
other held by a trifilar suspension, when similarly electrified, 
repel one another, with a force actually proportional to the 
square of the potential. The displacements are read optically. 
—MM. Bichat and Blondlot, on an absolute electrometer with 
continuous indication. This is an apparatus of three concentric 
cylinders, the innermost of which is suspended from a balance. 
The theory of it is already known.—P. Janet, on the formula of 
Van der Waals, and its application to capillary phenomena.— 
F, and W. Kohlrausch, the electro-chemical equivalent of silver 
(abstracted from Wvredemann’s Annalen), 





SOCIETIES AND ACADEMIES 
PARIS 
Academy of Sciences, August 23.—M. Fizeau in the 
chair.—Elliptical elements of Brooks’s Comet III. 1886, by Mr. 
J. R. Hind. The elliptical orbit, deduced from the observations 
made at Nice on May 25 and July 1, and at Algiers on June 3, 
is as under :— 
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On the measurement of very strong pressures and on the 
compressibility of fluids, by M. E. H. Amagat. For the mea- 
surement of very high pressures the author has adopted the 
principle of the manometer with differential pistons. In order 
to obtain accurate results, the condition had to be realised of 
maintaining the pistons in complete action while keeping them 
perfectly air-tight. The reading of the volumes of compressed 
fluid was effected by the process already indicated by Prof. Tait, 
of Edinburgh. Water and ether have been studied at zero and 
at the two respective temperatures of 20° and 40° C. Respecting 
the variation with pressure, it is shown that the coefficient 
diminishes gradually with the increase of pressure, and this | 
takes pl: ace throughout the whole scale of pressures, contrary to 
the opinion of some physicists. At 3000 atmospheres the 
volume of water was reduced one-tenth, and its coefficient of | 
compressibility one-half. This coefficient between 2590 and | 
2981 atm. was 0°0000238, and that of ether between 1623 and 
2002 atm. 0°000045. The study of ether will be continued 
and pushed to 3000 atm., and in a future communication will 
be given the coefiicients of compressibility and of dilatation for | 
several other fluids up to 3000atm. A number of gases will 
then be examined with the same apparatus and within the same 
limits of pressure.—On the purple of the solar spectrum, by M. 
Camille Koechlin. The solar spectrum yields only two simple 
colours, blue and yellow. The third blended with yellow 
and blue to constitute the reds on the one hand, the violet, 
on the other, purple being red deprived of yellow or violet 
deprived of blue, or simply the spectrum without yellow or blue. 
If on the red of one be projected the blue of another spectrums 
or on the violet of the first the yellow of the second, the result 
is purple. The red or the violet may again be restored 
by applying to the purple the yellow or blue of a third spectrum. 
And if these applications be made with reversed prisms, so that 
the complementary colours reciprocally cover each other, the 
spectrum will present at both extremities a purple region with 
yellowish-white interval. Purple, being a simple colour, will 
thus never be obtained by mixture, but only by extracting the 
yellow from a red or the blue from a violet. The solar spectrum 
contains the elements of all shades, either by mixtures or by 


| Co., 


| Chemical onan 





diluting with white or extinction with black. In the latter case 
the colours containing blue preserve their tint, while those on 
the opposite side of the yellow become changed in character. 
Thus green, blue, and violet yield the so-called deep greens, 
blues, and vidlets, while the yellow, orange, red, and purple 
cannot be intensified, but pass over to olive, brown, garnet, or 





amaranth.—On the branchial apparatus and muscular and 


te, 


nervous systems of Amaracium torquatum, by M. Charles 
Maurice. In this Compound Ascidian, which abounds at Ville. 
franche-sur-Mer, the branchial apparatus presents thirteen rows 
of stigmata, and is otherwise characterised by three fundamental] 
peculiarities connected with the transverse sinus. —On a larva of 
Lampyris noctiluca surviving the loss of its head, by M. Francois, 
This specimen, which had lost the whole of the cephalic region, 
was found in a perfectly healthy and normal condition, and al. 
though destitute of any buccal orifice, it showed on dissection 
an abundance of adipose tissue. The cesophagus, however, 
had changed its position, and contained no trace of alimentary 
matter.—On the cyclone that swept over the Gulf of Aden in 
June 1885, by Admiral Cloué. As supplementary to the 
previous statement on this subject, the writer has collected 
further details from the captains of some English and Dutch 
vessels overtaken by the storm, and from Obock regarding the 
caravan which was ev route for Shoa when the whirlpool swept 
by.—Kemarks on Dr. W. C. Gore’s memoir on the ‘* Projectiles 
ot the Future,” presented to the Academy, by M. Larrey. In 
the interests of humanity, which are above those of war, it is 
argued that the use of explosives should be more and more re- 
stricted, and replaced by projectiles calculated rather to wound 
than to kill the combatants. With this object it is proposed to 
substitute for the explosive bullets now in use the so-called 
‘* Lorenz” projectiles, which are described as ‘‘the missiles of 
the future.” 





BOOKS AND PAMPHLETS RECEIVED 


** Report of the Entomologist C. V. Riley for 1885” (Washington).— 
** Bulletin of the U.S. National Museum, No. 30,” by J. B. Marcou 
(Washington) —‘* Géologie de ' Ancienne Colombie, Bolivarienne Vén¢ zuela, 
Nouvelle-Grenade et Ecuador,” by H. Karsten (Friedlander, Berlin).— 
* Jahrbuch der Meteorologischen Beobact — der Wetterwarte der 
Magdeburgischen Zeitung.” Jahrgang iii. 84, by Dr. Assmann 
(Magdeburg). —‘* Reports on Inse ects injt srious to Hop Plants, &c.,” No. 3 

‘Insects injurious to Fruit Crops,” by C. Whitehead (Eyre and Spottis. 
woode).—** Lectures to Kindergartners,’’ by E. P. Peabody (Heath anc 
Boston).—‘“‘ Transactions and Proc eedings of the New Zealand laa 
tute, 1885,”’ vol. xviii, by Hector (Wellington).—‘“‘ Philip’s Plani- 
sphere, showing the Principal Stars visible for every Hour in the Year” 


| (Philip). —* Catalogue of the Blastoidea in the Geological Department of 


by R. Etheridge, Jun., and P. H 
” 4th edition, by W. A. Whit- 


the British Museum (Nz atural History),” 
Carpenter (London).—*‘ Choice and Chance, 


| worth (Bell and Son). 





CONTENTS 


By Prof. Henry E. Armstrong, 
Our Book Shelf :— 

Hartmann’s ‘‘ Madagaskar, und die Inseln Seychellen, 

Aldabra, Komoren, und Maskarenen” ..... 406 
Letters to the Editor :— 

Physiological Selection and the Origin of Species.— 
Prof. Francis Darwin, F.R.S. ; Dr. George J. 
Romanes, F.R.S. . . 

Earth- Currents and Aurora. —Prof. Ww. FB, Barrett 
Chlamydomyxa in the cute E. ved 
Lankester, F.R.S. ...... eas 

The British Association :— 

Inaugural Address by Sir J. William Dawson, 
C.M.G., M.A., LL.D., F.R.S., F.G.S., Prin- 
cipal and Vice-Chancellor of McGill University, 
Montreal, Canada, President ..... 

Section A—Mathematical and Physical 
Opening Address by Prof, G. H. Daswta, M. A., 
LL.D., F.R.S., F.R.A.S., President of the 
Section. . . ° 

Section B—Chemical ‘Science— Opening. Address by 
William Crookes, F.R.S., V.P.C.S , President 
of the Section. (Uiustrated) ee ee 

TOME « 5 ss one eee 
Our Astronomical Column os 

Notes on Variable Stars ..... emir 

Winnecke’s Comet . . a x 

The Observatory of Yale College . ee seis 

Astronomical Phenomena for the Week 
September S88 2. wt tte 

Scientific Serials. ...... 

Societies and Academies. . . 


PAGE 


405 


1886 


Books and Pamphlets Received ; : 
| 





2 
e) 
2 


3 


we Ge Ge 





